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I. INTRODUCTION.
H istorical Remarks.-  In the summer of 1914, in company 
with Mr. H. H Jordan of the Department of General Engineering 
Drawing, the writer instituted a series o f experiments to determine 
the practicab ility  of measuring the flow of water in a pipe line by 
means o f an o r if ic e , the o r if ice  plate being inserted between two 
abutting flanges o f the pipe. It was the thought that there might 
be some consistent relation  between the rate of flow and the d if fe r ­
ence in pressure head between certain cross sections of the pipe in 
the v icin ity  of the o r i f ic e , which relation  could be u tilized  in 
forming an expression or equation for determining the rate of flow or 
discharge. The results of the work o f the summer of 1914 were so 
favorable that the experiments were continued throughout the years 
1915 and 1916, the range o f observations being extended to include 
small and large pipes with various sizes of o r ifice s  and a variety 
of conditions. The entire series of experiments was conducted in 
the hydraulic laboratory at the University of I llin o is  and with the 
helpful advice of various members of the Department of Theoretical 
and Applied Mechanics.
It w ill be the purpose of this thesis to present an ac­
count of the work and the results attained, for although it  is 
lik e ly  that further experimentation w ill s ligh tly  modify some of 
the findings and w ill make more definite some of the minor points 
that are now doubtful, the experiments are su ffic ien tly  comprehen­
sive and the results on the whole su ffic ien tly  consistent to warrant 
the drawing of defin ite conclusions.
2 .
As far as the writer knows^  similar experiments have not 
been conducted elsewhere than at the University of I l l in o is . The 
idea of u tiliz in g  the o r ifice  as a means of measuring the flow of 
water in pipes seems to have been fir s t  conceived by Mr. V. R.
&■
Fleming of the Department of Theoretical and Applied Mechanics, 
and under his direction,M r. G. S. Mulvaney of the class of 1914 
devised apparatus, conducted a b rie f series of tests on 4-inch 
and 6-inch pipes, and presented the results of his observations 
as an undergraduate thesis. Owing to the short range over which 
the tests extended; to the small number of observations, and to the 
evidently large errors of observations,the results were not conclus­
ive, and the thesis was of no material assistance in the work here 
considered except in its  description of apparatus and methods of 
conducting the experiments.
From the f ir s t  i t  was fe lt  that the method of measuring 
discharge by means of the o r if ic e , i f  practicable, would not be 
one to be extensively used in permanent installations or where ex­
treme accuracy of measurement would be an important factor, but 
rather it  was looked upon as an emergency or a temporary method 
to be used in the f ie ld . For this reason only such apparatus has 
been devised as could be obtained in any community and no special 
endeavor has been made to refine apparatus or methods beyond what 
one might expect in ordinary practice.
Scope of Experiments. - As has been suggested in the 
opening remarks, the purpose of the investigation was largely to 
determine the relations existing between the discharge, the size 
of pipe, the size of o r ifice  and the difference in pressure head
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between certain cross sections of the pipe near the o r if ic e , and 
furthermore to find the position with respect to the o r if ic e , of 
two sections between which difference in pressure head could be 
most favorably measured and at the same time this difference would 
become a factor in a general law between difference in head and 
velocity  in pipe for any size of o r ifice  and any diameter.of pipe. 
To put the latter part of the preceding statement in the form of 
a question, might there not be, as in the venturi meter, a d if fe r ­
ence in pressure head between some two sections, not necessarily 
the same distance apart for a ll sizes of pipe, which difference 
would become a function in some fa ir ly  uniform law?
The most of the experiments we re conducted purely with 
the preceding purposes in view, tests being made with 4-inch, 6- 
inch, and 12-inch pipes with eight sizes of o r ifice  for each size 
of pipe. For convenience the experiments made with a particular 
size of o r ifice  and size of pipe w ill be referred to as a set of 
tests; while the co llection  of experiments for a ll o r ifice s  used 
with a particular size of pipe w ill be referred to as a series of 
tests. Thus i t  w ill be seen that there were three series of tests, 
each series composed o f  eight sets. For ease in making comparison 
between the several series the o r ifice s  were of such sizes that 
the eight ratios of diameter of pipe to diameter of o r if ice  were 
approximately the same for each series; or in other words, for 
each o r ifice  used with the 4-inch pipe there was a corresponding 
o r if ice  with diameter 3/2 as large for the 6-inch pipe and one with 
diameter three times as great for the 12-inch pipe.
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In Table 1 are tabulated data concerning the sizes of 
pipes and o r ifice s .
TABLE 1 .-  Sizes of O rifices and Pipes.
Diam. pipe Diam. pipe Diam. pipe
D - 4. 06" 6.12" 12.15"
Diam.Orif. D Diam.Orif. D Diam.Orif. D
d in in. d d in in. d d in in. d
0.497 8.17 0.75 8.16 1.50 8.10
0.667 6.09 1.00 6.12 2.00 6.08
1.00 4.06 1.49 4.10 3.00 4.05
1.34 3.04 2.00 3.06 4.00 3.04
1.67 2.43 2.50 2.44 5.00 2.43
2.00 2.03 3.01 2.03 6.00 2.03
2.68 1.52 4.02 1.52 8.00 1,52
3.33 1.22 5.01 1.22 10.00 1.22
Differences in pressure head were measxired by means of 
piezometer tubes inserted in the pipe at certain sections near the 
o r if ic e . Since the position of these sections and the number of 
tubes inserted was not the same for a ll the observations of each 
series, for a clear understanding o f what follows the term "Part" 
followed by a number w ill be made to refer to a co llection  of 
observations taken under like conditions. For the majority of 
the observations differences in pressure head were measured be­
tween six cross sections of the pipe one of the sections being 
above the o r if ic e  (or toward the source of supply), and five  be­
ing below (or toward the di schargeendj.The distance between the end 
sections or, in other words, the length o f  pipe over whieh obser­
vations extended,varied from 4 f t .  with the 4-inch pipe to 11 f t .  
with the 12-inch pipe , and the corresponding distances along the
r — — -------- — — ------- — — — ---------- --- -------— ---------------- ------------------------“ 37
pipe from the o r ifice  to the several sections were in general made 
to depend upon the diameter of pipe when possible. Thus it w ill be 
noticed in Table 2 that the ratios between corresponding distances 
for 6-inch and 12-inch pipes are about as 1 to 2. With a few of 
the smaller o r ifice s  of the 6-inch series the differences in pres­
sure head between seven sections were observed (Table 2, Part 4 ), 
the length of pipe under observation being materially increased in 
the direction of the discharge; but the observations on this extra
P
length were unnecessary, and consequently a similar procedure was 
not undertaken with the other series. In a few instances, where 
uncertain observations with the larger o r ifice s  used in the 4-inch 
and 6-inch series made further observations necessaryand also to 
increase the range of the experiments, only those sections were
i
considered that were nearest to and farthest from the o r ifice  
(Table 2, Parts 2 and 5).
TABLE 2. - Position of Sections.
Part i'iam.of Sec .1 Orifice Sec. 2 Sec .3 Sec. 4 Sec. 5 Sec.6 Sec.6 Sec. 7
Pipe to to to to to to to to to
Orif. Sec. 2 Sec.3 Sec. 4 Sec.5 Sec .6 Sec.7 Sec.l Sec.l
1 4. "06 Z»14 z"
7-k
z 6” 12" 2 '0 "
3"4'44
2 4. ”05 iZ"8„
7" 4*2"
3 6. ”12 4
i »* 
% ,r68 12” 18" 3'0"
3"6'4^
3 *»4 6. ”12 Tf I! ft tt If Tf 6'0" 1 2 - 4 5
6. "05 1" 1” l"5 2-0 5 '2 4
6 12.”15 5" 4 " 12” 2'0" 3'0" 4*3"
1”11*05
6 .
The difference in head between the two sections o f  great­
est change in pressure (sections nearest o r i f ic e ) ,  and incidentally 
the difference in head upon which the greatest stress w ill be laid 
in the following pages, ranges from a minimum of about 0.01 f t .  for 
each set to a maximum of 0.6 f t .  for the largest o r ifice  in the 12- 
inch series and to a maximum o f  54 f t .  with the smaller o r ifice s . 
Table 3 shows the maximum values for each set and series.
■ PTABLE 3. Maximum Values of Difference in Head.
Series \
Diam.Orifice 0.497” 0.667" 1.00" 1.34" 1.67" 2.00" 2.68" 3.33
ff Max.Diff.Hd. 51* 47' 46' 40' 30' 54' 48' 25
6 ” Diam.Orifi ce 0.75 1.00 1.49 2.00 2.50 3.01 4.02 5.01
If Max.Diff.Hd. 43' 43' 34' 48’ 46' 39' 27' 10
12" Diam.Orifice 1.50 2.00 3.00 4.00 5.00 6.00 8.00 10.00
fl Max.Diff.Hd. 42' 47' 40' 32' 11' 9 .4 ' 1 . 8 ' 0.56
V elocities in pipe ranged from a minimum of 0.01 f t .  per 
sec. with the smallest o r ifice s  to a maximum of 23 f t .  per sec. 
with the largest o r if ice  in the 4-inch series. In Table 4 are 
tabulated maximum values of the velocity  and discharge in cu. f t .  
per sec. for each set and series.
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TABLE 4. Maximum and Minimum V elocities.
Series.)
'Diam.Orif. 0.497" 0.667" 1.00" 1.34" 1.67" 2.00" 2.68" 3.33"
Max.Disch. 0.040 0.084 0.18 0.30 0.42 0.79 1.4 2.1
4" Max.Veloc. 0.53 0.93 2.0 3.3 4.7 8.8 J6 . 23
Min. Disch. 0.0011 0.0013 0.0030 0.0053 0.0095 0.013 0.021 0.045
Min.Veloc. 0.012 0.014 0.033 0.059 0.11 0.14 0.23 0.50
Diam.Orif. 0.75" 1.00" 1.49" 2.00" 2.50" 3.01" 4.02" 5.01"
Max.Disch. 0.097 0.17 0.34 0.74 1.1 1.5 2.4 3.0
6" Max.Veloc. 0.48 0.83 1.7 3.6 5.4 7.4 12 15
Min.Disch. 0.0016 0.0031 0.0069 0.012 0.019 0.028 0.047 0.086
Min.Veloc. 0.0078 0.015 0.034 0.059 0.093 0.14 0.23 0.42
Diam.Orif, 1.50" 2.00" 3.00" 4.00" 5.00" 6.00" 8.00" 10.00"
Max.Disch. 0.38 0.71 1.5 2.4 2.2 2.9 2.5 2.7
12" Max.Veloc. 0.47 0.88 1.9 3.0 2.7 3.6 3.1 3.4
Min.Disch. 0.011 0.010 0.025 0.037 0.067 0.097 0.19 0.45
Min.Veloc. 0.014 0.012 0.031 0.046 0.083 0.12 0.24 0.51
The tests also include observations to determine the e f ­
fect of a small lateral displacement of the o r ifice  and to deter­
mine, for the difference in pressure head between those cross sec- 
tions nearest the o r if ic e , the e ffect of small longitudinal d is­
placements of these sections. These observations, which were only- 
made on 4-inch pipe, w ill hereafter be referred to as the "Off- 
center tests" (referring to the o r ifice ) and the "Spacing tests" 
(referring to the two cross sections, one on each side of the o r i­
f ic e , between which what may be termed the most favorable d if fe r ­
ence in head may be determined).
In connection with the later observations on 4-inch and
6-inch pipes mentioned on page 5 (for  which the distances between
sections are shown in Table 2, Parts 2 and 5) investigations were
made to determine whether or not. there was any measurable varia­
ble ads
tion between the difference in pressure between tops of sections 
and the difference in pressure head between bottoms of sections.
8 .
II. APPARATUS.
O rifice . - The o r ifice s  were circular in shape and were 
cut in 3/16-inch steel plates, the edges being sharp and square.
In the o r if ice  plates were drilled  13/lo-inch holes for bo lts , so 
that the plates could be bolted between flanges of the pipe-line 
as illustrated  in Pig. 1, page 9 . The o r if ice  plates were nearly
of the same diameter as the flanges. Gaskets placed on each side 
o f the o r ifice  made the distance between flanges about 1/4 inch.
Piezometer Tubes. - Difference in pressure between the 
cross sections of the pipe indicated in Table 2, page 5, were de­
termined by d ifferen tia l gages attached to piezometer tubes as i l ­
lustrated in Pigs. 1 and 2, pages 9 and 10 , Pig. l  showing the 
method of placing gages for Part 1, and Pig. 2 for Part 3. At the 
given sections the large pipe was tapped for 1/4-inch pipe. Care 
was taken to remove the burr from the inner ends of the tapped 
holes and to make sure that the length of thread on the short 1/4- 
inch pipe was not so great as to allow it  to protrude beyond the 
inner wall of the larger pipe.
In the earlier observations of Part 3, piezometer tubes 
were inserted in the top of the pipe as illustrated  in Pig. 2.
In this position considerable trouble was experienced from a ir , 
entrained in the water of the larger pipe, entering the piezometer 
tubes and becoming lodged in the rubber hose which formed the 
connections between gages and pipe, there being no means of 
flushing Gages 3-6. As a precaution against air entering the 
piezometer tubes from the water, the tubes were inserted in the

-r Ji'
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under side of the pipe for the remainder of the observations of 
Part 3 and for a ll the observations o f Parts 1 and 4.
for Part 6 the piezometer tubes were also inserted on 
the under side of the pipe; but in addition at Sections 1, 2, and 
6 tubes were inserted in the upper side of the pipe and the two 
tubes were brought to a union or "siamesed" before the rubber 
hose leading to the gages was attached.
For Parts 2 and 5, and also for the "O ff-center” and 
"Spacing" tests mentioned on page 7, piezometer tubes were insert­
ed in the same manner as for Part 6, except that the tubes for 
Sections 3, 4, and 5 were omitted.
D ifferential Gages. - Gages 1 and 2 (F ig .l)  were the 
regular d ifferentia l gages of the hydraulic laboratory. Gages 
3-6 (for Part 4, Gages 3-7) were improvised by bending glass tubes 
to a U-shape. Prom Pig. 1 it  w ill be noted that Gage 1 connects 
Sections 1 and 6, while Gage 2 connects Sections 1 and 2, Gage 3 
connects Sections 2 and 3, and so on.
It is evident that the two greatest differences in 
pressure head w ill be registered by Gages 1 and 2. For the higher 
ve locities  and the smaller o r ifice s  the difference in pressure 
head in terms of water column was greater than the length of 
these gages (about 4 1/2 f t . ) ,  and accordingly mercury gages were 
connected in parallel with the water gages, that there might be 
no interruption in passing from low to high v e lo c itie s . Thus 
there were in rea lity  two gages for Gage 1 and two for Gage 2.
Fig. 3 clearly illustrates one method of connecting these gages 
and also shows the rubber hose connecting Sections 1, 2, and 6
12.
with the gages. The two gages at the right constitute Gage 1, and 
the two at the l e f t ,  Gage 2. The gage at the extreme right is for 
water; the next one to it  is  for mercury. The hose in the fo re ­
ground leads from Section 1, and is ,  through the small pipes, con­
nected to the left-hand side of both parts (mercury and water) o f 
Gage 1. In a similar manner connection is  made between the le f t -  
hand side o f the two parts of Gage 2, although the hose is  not 
shown in the photograph. The hose in the background ( apparently 
the smallest and darkest of the three) leads from Section 6 to the 
right-hand side of both mercury and water gages of Gage 1; and 
likewise the third hose connects Section 2 with the right-hand 
side of the two parts of Gage 2. The connections with Sections 1, 
2, and 6 are more fu lly  shown in f ig .  7, page 19.
Pig. 3 also shows the shut-off cocks by means of which 
the gages could be throttled so that momentary variations in 
pressure would not cause the columns (water or mercury) to flu ctu ­
ate violently  and by means of which the pressure could be diverted 
from water to mercury gage, or vice versa. The pet-cocks at the 
foot of the water gages and at the top of the mercury gages made 
it  possible to flush the connecting hose and to regulate the 
amount of air in the water gages. On the small strips of paper 
back of the glass gage tubes in the photograph lines were ruled 
at intervals of 0.01 f t .  These ruled strips were found useful 
in accurately observing small differences in head.
Por the tests in which Gages 3-6 were used (Parts 1, 3,
4, and 6, Table 2, page 5) the difference in pressure head reg ist­
ered by these gages was so small that the use o f mercury was
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unnecessary. To fa c ilita te  flushing the hose and to regulate the 
amount of air in the gages pet-cocks were inserted in the connect­
ing hose; and as a throttling device, and also to release the 
pressure on the gages that air might be introduced through the 
pet-cocks, pinch clamps were attached. Fig. 4 shows the pooiti-on
■t>
■&§• the positions of the pet-cocks for Part 6 of the tests and also 
shows, though not very clearly , the pinch clamps attached to the 
hose. The small white tubes leading from the outlets o f the pet- 
cocks were in no way connected with the large pipe but were sim­
ply to control the direction of the discharge from the open pet- 
cocks .
The U tubes of Gages 3-6 were fastened to a board upon 
the face o f which was a sheet o f paper with horizontal lines at 
intervals o f  0.01 f t .  Although the lines are not v is ib le , the 
gage tubes, board, and paper can be distinguished in the photo­
graph.
FIG.4 .-  Gages for Part 6, 12-in. Series.
15.
Other D etails. - In the middle of the photograph is shown 
the arrangement of Gages 1 and 2 for water and for mercury, the 
method of making connections with these gages being similar to that 
shown more in detail in Pig. 3. Back of the gages, running horizont­
a lly  is the 12-inch pipe upon which experiments were made, and at
£
the le ft  are the abutting flanges between which the o r if ice  plates 
were inserted. A few of the piezometer tubes can be distingxiished, 
notably those at Section 1 (at the le f t  of the o r ifice ) and Section 
2 (at the right of the o r if ic e ) . The union between the piezometer 
tubes at the top and bottom of Section 1 is made by a short piece 
of rubber hose the ends of which can be seen but the middle portion 
of which is hidden by the 12-inch pipe. Unfortunately the hose for 
connecting in a similar manner the tubes at Section 2 was not con­
nected to the upper tube when the photograph was taken, but is seen 
to be looped over the T head of the lower tube.
Air Cocks.- As a means of freeing air from the large 
pipe pet-cocks were inserted in piezometer tubes on each side of 
the o r ifice  and on the upper side of the pipe. In P ig .4 these pet- 
cocks are inserted in the T's at the heads of the upper txibes at 
Sections 1 and 2. In parts 2, 5, and 6, in which the "Siamese” 
connections were used for Sections 1, 2, and 6, a pet-cock was 
also placed in the upper tube at Section 6.
General Arrangement.- Pig. 5 shows the general arrange­
ment of apparatus for Parts 3 and 4, 6-inch series. The pipe-line 
under investigation is on the floor of the balcony (about half the 
diameter of the pipe can be seen), and the jo in t at which the o r i ­
f ic e  plate is inserted is below and a l i t t l e  to the right of the
16.
FIG. 5 .-  Arrangement of Apparatus for Parts 3 and 4.
board on which fastened Gages 3-6. The tubes for freeing air 
from the pipe are seen close to the abutting flanges, there being 
no connections between these tubes and the gages (as was explained
17.
on page 15. Gages 1 and 2 for water are to the right and above 
the balcony; for mercury, below the balcony.
Fig. 6 shows in detail the piezometer tubes inserted at 
Sections 1 and 2 and the method of bringing these tubes to a union 
before connections to gages were made, as was the case in Parts 2, 
5 and 6 of the tests. Here the air pet-cocks are shown very d is ­
tin ctly . The valves, used only in Parts 2 and 5, were useful in 
ascertaining whether or not the piezometer tubes were in proper 
working order (that is  whether or not they had become clogged or 
partially  clogged), but were more especially of service in the Off- 
center tests , which w ill be described la ter. The positions of the 
pet-cocks made it possible, by valve control, to flush either the 
top or the bottom tubes.
Fig. 7 shows the general layout of apparatus for Part 5 
of the 6-inch series. The abutting flanges?shown in Fig. 6, are 
partia lly  behind the pipe-column. The connections between 
Sections 1, 2, and 6 and Gages 1 and 2 that were described on page 
12 are wholly v is ib le .
Discharge. - Apparatus for measuring the voliime o f d is ­
charge is shown in Figs. 5 and 8. For discharges of less than 
about 1/3 cu. f t .  per sec. the volume was determined by weight by 
means of the two tanks each mounted on platform scales as in the 
foreground of Fig. 5. The discharge end o f the pipe-line is  the 
horizontal arm, half white and half black, with elbow and short 
vertica l pipe d irectly  over the tanks. The white elbow was 
loosely fit te d  to the short nipple below so that the arm could 
readily be swung horizontally. In this way the stream could be
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FIG. 7 .- Arrangement of Apparatus, Part 5.
quickly diverted from one tank to the other. The tanks were close 
together , though not touching each other. To avoid any loss by 
sp illin g  as the arm was swung, a piece of sheet iron bent to a
20.
sharp V-shape was suspended over the narrow opening between the 
tanks. The tanks being mounted on separate scales made i t  possible 
to use either or both for weighing.
The weighing apparatus shown in Fig. 5 was a ll that was 
used in Parts 1, 3, and 4 of the experiments, the range of these 
experiments being limited by the capacity of the 3-inch pipe leadin 
from the test piece*to the tanks.
In Parts 2, 5, and 6, and in the "Off center" and "Spac­
ing" tests the large galvanized iron tank, the top of which is 
shown in Fig. 8, was used in conjunction with the tanks shown in 
Fig. 5, discharges of less than 1/3 cu. f t .  per sec. being measured 
by weight in the small tanks, and discharges of more than 1/3 cu. 
f t .  per see. being measured by displacement in the large tank. In 
these parts the test pieces were connected to a large main leading 
d irectly  from the stand pipe, so that with the larger discharges 
the loss due to pipe fr ic t io n  between stand pipe and test pieces 
would be a minimum; and a 6-inch pipe led from the test piece to 
the tank, this pipe being shown at the right of the tank in Fig.
8. The elbow at the top of the vertica l portion of this pipe was 
loosely  fitted  so that the horizontal arm might be swung as was 
the similar piece in Fig. 5. I f  Figs. 5 and 8 were placed side 
by side with Fig. 8 on the le f t  the relative positions of the 
tanks would be seen. In Fig. 8 the outlet of the pipe line is  in 
position for large discharges; for small discharges the horizontal 
arm was swung until the outlet was over the smaller tanks of 
Fig. 5.
* "Test piece" or "test pieces" refers to that portion of the 
pipe line between Sections 1 and 6 (Sections 1 and 7 for Part 4).
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FIG. 8 .- large Measuring Tank.
At the le ft  of the tank in Fig. 8 w ill be seen the gage. 
The gage rod was graduated to 0.01 f t . ,  and to its  face was fasten­
ed a glass tube leading to the bottom of the tank and having its
22 .
upper end open so that the water surfaces in tube and tank were at 
the same elevation. The tank was calibrated for this gage, the 
volume being determined by weight in increments o f  about lbs. 
or about 3 cu. f t .  for the upper and lower portions of the gage 
and increments of about 1000 lbs. between gage readings of 3 f t .  
and 7 f t .  On pages 23 to 25 are recorded the observations and the 
computed volumes (on the basis of 62.5 lbs. equal one cu. f t . )  for 
various gage readings. In Fig. 9, page 26 , the observed gage
readings for the upper and lower portions of the gage are plotted 
against volume, and smooth curves are drawn through these points. 
The calibration curves made arithmetical interpolation of later 
observations unnecessary.
TABLE 5 .-  CALIBRATION TESTS. 
Large Galvanized Iron Tank.
Q~bs. Water in' Lbs, Net Total Gage
No. In it . Final Net Cu.Ft. Cu.Ft. Reading 
in Ft.
1 1567 1377 190 * 3.04
0
3.04 1.0001.112
2 1377 1179 198 3.17 6.21 1.227
3 1179 996 183 2.93 9.14 1.332
4 996 788 208 3.33 12.47 1.455
5 788 581 207 3.32 15.79 1.575
6 1586 1347 239 3.83 19.62 1.713
7 1347 1167 180 2.88 22.50 1.818
8 1167 960 207 3.31 25.81 1.939
9 960 792 168 2.69 28.50 2.034
10 792 586 206 3.30 31.80 2.153
11 1587 1375 212 3.39 35.19 2.276
12 1375 1178 197 3.15 38.34 2.390
13 1178 965 213 3.41 41.75 2.515
14 965 782 183 2.93 44.68 2.621
15 782 584 198 3.17 47.85 2.735
16 1579 1368 211 3.38 51.23 2.857
17 1368 1177 191 3.06 54.29 2.968
18 1177 972 205 3.28 57.57 3.086
19 972 779 193 3.09 60.66 3.198
20 779 578 201 3.22 63.88 3.317
21 1583 590 993 15.88 79.76 3.895
22 1589 573 1016 16.26 96.02 4.486
23 1589 583 1006 16.11 112.13 5.070
TABLE 5. (Cont'd) CALIBRATION TESTS. 
Large Galvanized Iron Tank.
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Obs.
No. In it.
Water in ike. 
Final Net
Net
Cu.Ft.
Total
Cu.Ft.
Gage 
Reading 
in Ft.
24 1583 580 1003 16.08 128.21
*
5.646
25 1591 1312 279
9.
4.46 132.67 5.808
26 1598 578 1020 16.31 148.98 6.402
27 1589 578 1011 16.19 165.17 6.986
28 1590 1381 209 3.35 168.52 7.105
29 1381 1193 188 3.01 171.53 7.213
30 1193 986 207 3.32 174.85 7.332
31 986 783 203 . 3.25 178.10 7.450
32 783 587 196 3.14 181.24 7.565
33 1598 1386 212 3.39 184.63 7.686
34 1386 1179 207 3.32 187.95 7.807
35 1179 974 205 3.28 191.23 7.935
36 974 779 195 3.12 194.35 8.037
37 779 584 195 3.12 197.47 8.150
38 1594 1391 203 3.25 200.72 8.270
39 1391 1195 196 3.14 203.86 8.384
40 1195. 955 240 3.84 207.70 8.517
41 955 786 169 2.71 210.41 8.621
42 786 581 205 3.28 213.69 8.740
43 1588 1385 203 3.25 216.94 8.854
44 1385 1181 204 3.26 220.20 8.973
45 1181 975 206 3.30 223.50 9.094
46 975 784 191 3.06 226.56 9.205
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TABLE 5 (Cont’ d.) CALIBRATION TESTS. 
Large Galvanized Iron Tank.
Obs.
No.
Water in Lbs. 
In it . Pinal Net
Net
Gu.Pt.
Total
Gu.Pt.
Gage 
Reading- 
in Pt.
47 784 578 206 3.30 229.86 9.333
48 1602 1350 252 4.03 233.89 9.468
49 1350 1136 214 3.42 237.31 9.592
50 1136 910 226 3.62 240.93 9.722
51 910 605 305 4.88 245.81 9.905
o & CD O K Observations on Above.
52 1568 1568 0 0 0 1.000
53 1568 576 992 15.86 15.86 1.573
54 1573 605 968 15.50 31.36 2.135
55 1574 588 986 15.79 47.15 2.706
56 1539 585 954 15.26 62.41 3.278
57 1576 580 996 15.94 78.35 3.859
58 1584 589 995 15.93 94.28 4.438
59 1592 583 1009 16.50 110.78 5.025
60 1595 645 950 15.20 125.98 5.572
61 1588 995 593 9.50 135.48 5.917
62 1594 608 986 15.78 151.26 6.487
63 1586 592 994 15.90 167.16 7.060
64 1593 620 973 15.58 182.74 7.625
65 1591 589 1002 16.01 198.75 8.202
66 1589 571 1018 16.29 215.04 8.792
67 1594 588 1006 16.10 231.14 9.369
68 1579 949 630 10.08 241.22 9.733
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Pipe.-  For a ll parts of the tests the pipes with which 
experiments were conducted, had been in service in the hydraulic 
laboratory for several years, and were ordinary commercial wrought - 
iron pipe. In Table 2, page 5 , are given the diameters. For 
Parts 2 and 4 the test pieces were the same, but for Part 5 it  w ill 
be seen from the difference in diameter that the test piece had 
been changed. There was likewise a change between Parts 1 and 2. 
The interior of the pipes was coated somewhat irregularly and the 
sections were not quite circular in shape. For these reasons it  
was not possible to determine the e ffective  diameter as closely  as 
the diameters in Table 2  would indicate, and though the recorded 
value is in each case the mean of several observations, i t  is pos­
sibly in error 0.02 inch. In general for any part the diameters 
thus determined were not the same for the two abutting sections of 
pipe between which the o r ifice  plate was inserted, but as the d if ­
ference in diameter was not large the mean was taken.
For Parts 1, 2, and 4 the pipe line was straight for a 
su fficien t distance on each side o f  the o r if ic e  to insure steady 
flow, as far as bends were concerned, over the length of pipe under 
observation. For Parts 2, 5, and 6 there 7/as an elbow at each end 
of the test piece, the one toward the supply being near enough the 
o r if ice  to make disturbances at Section 1 a p oss ib ility , and the 
one toward the discharge being only a few inches from Section 6.
To guard against any possible e ffects  from these sources, a 
ba ffle  plate was inserted between the f ir s t  elbow and the o r if ic e , 
and piezometer tubes were inserted at Section 6 in both the top 
and bottom of the pipe.
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Miscellaneous.-  Time was observed with a stop watch 
which was at frequent intervals compared with a time piece keeping 
correct time. During the progress of the work at least four d i f ­
ferent stop watches were used. Thus it  w ill not seem odd that 
part of the data which w ill be shown later contain observed time 
in minutes and hundredths while the remainder is  in minutes and 
seconds.
It has already been stated that small differences in head 
were measured by means of lines at intervals of 0.01 f t .  ruled on 
paper which was fastened back of the gages. For large differences, 
more especially the readings of Gages 1 and 2 , the 4- f t .  scale 
graduated in hundredths of feet was used.
The supply was obtained from the 60 -ft. stand pipe of 
the hydraulic laboratory. For the most of the tests the water level 
in the stand pipe was within a few feet of the top. A nearly con­
stant head was maintained by the 2000-gal. duplex steam pump of the 
laboratory, the pump being automatically regulated to keep constant 
head. It is safe to say that during any single observation the 
head did not vary more than 2 f t . ,  but for large discharges, or in 
other words when the pump was working rapidly to maintain the con­
stant head, the surges caused by the variable rate of the large in ­
flow had the e ffect of producing rapid fluctuations in the pressure 
at the base of the stand pipe and in the test piece, the variations 
of the pressure head registered by the gage at the foot of the stand­
pipe being, with the large o r if ice s , as great as 10 f t .
£9
III. TESTS.
Procedure.- In general the procedure in making a set of 
tests was as follow s: The o r ifice  plate was inserted as shown in
Pig. 1, page 9, care being taken to see that i t  was approximately 
centered. Water v/as turned on and allowed to run through the pipe 
with a ll gage cocks open. In this way a ll air was removed from hose, 
gages, and pipe-line. Y/ater was then shut o f f  both above and below 
the test pieces and the water gages were partia lly  f i l le d  with air 
introduced through the pet-cocks. The cocks were closed, the gages 
were subjected to the fu ll hydrostatic head with no water flowing 
in the main, and observations were made to make sure that the water 
was at the same level in both sides of each gage, or in other words 
to make sure that the hose connections were free from air and that 
there were no leaks of consequence.
In the earlier experiments (Parts 1, 3, and 4) not as 
much attention was paid to centering the o r ifice  as in the later 
tests. For Parte 3 and 4 .the diameter of the flange bolts was 1/16 
inch less than that of the holes in o r if ice  plate and flanges, and 
for Part 1 i t  was 3/16 inch less than that of the holes in the 
flanges. The two parts o f the test piece for these experiments, 
owing to the length of the pipe line in which they were installed , 
were joined together at the o r if ice  with more or less d if ficu lty , 
the edges of the flanges were somewhat rounded, and the o r ifice  
plates were not quite the diameter of the flanges. In the later 
observations, to overcome any likelihood of the o r ifice s  not being 
properly centered, slightly  tapering rods were driven to a neat
30
f i t  through the holt holes before the abutting flanges were firmly 
drawn together with the bolts; and because of the possible e ffect 
o f eccentricity  on the pressure, piezometer tubes were inserted on 
opposite sides of the pipe at Sections 1 and 2 as described on 
page 11.
With one observer stationed at the weighing scales and 
the other observer stationed at the d ifferen tia l gages, an observa­
tion was taken on each of the gages and the discharge for an ob­
served time was measured for various rates of flow between the 
lim its shown in Table 4, page 7, the least flow being in general 
that which would cause Gage 2 to register a difference in pressure 
head o f 0.01 f t .  , and the greatest being that obtained with outlet 
valve wide open and the stand pipe fu ll or nearly so. For d i f ­
ferences of pressure head registered by Gage 2 of less than 1 f t .  
a ll gage observations were read to hundredths of feet and estimated 
to thousandths when possible. Gage readings for Gages 1 and 2 
when in excess of 1 f t .  were, when possible, recorded to three 
significant figures, and the readings o f  other gages were in gen­
eral recorded to hundredths of feet.
Discharge was controlled by means of the outlet valve,
By turning the horizontal arm of the pipe at the discharge end the 
fu ll  stream was quickly thrown into or away from the measuring 
tank, and by pressing the stop watch at each operation the time 
was determined. After changing the rate of discharge su fficient 
time was given to insure steady flow before readings were taken.
As has before been mentioned, the elevation of water in the stand 
pipe was nearly constant during any one test.
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Observations.- The observations are recorded in Table 6 , 
pages 32 to 85 . The table is  so arranged that Parts 1-6 are in 
numerical order thus bringing together the data for each of the 
three series; for each part the observations for each set are 
grouped together, the observations for the smallest o r ifice  coming 
f ir s t  and those for the largest o r ifice  coming la st; and for each 
set the observations occur in order of the magnitude of the gage 
readings or discharge with the particular size of o r ifice  used. 
Column 1 shows the observation number, Columns 2, 3, and 4 give 
data on discharge, Column 5 shows the time elapsed, and the remain­
ing columns show the gage readings.
For small discharges Columns 2, 3, and 4 give in pounds 
respectively the reading of the weighing scales before measurement 
was begun, the reading after discharge into the weighing tank had 
ceased, and the net weight of water discharged. ?/here, as was 
some times the case, during a single observation two tanks were 
used for measurement the summation of the two net weights in 
Column 4 gives the discharge in pounds occurring in the time re ­
corded in Column 5. For large discharges the quantities in Columns 
2 and 3 are the readings in feet on the gage attached to the large 
measuring tank, and Column 4 is  vacant.
Columns 6 and 7 give the differences in head in terms of 
feet of water or of mercury for Gages 1 and 2. The values shown 
in Columns 8-11 are the readings of Gages 3-6 and are in feet of 
water in a ll cases. Parts 2 and 5 of the table show no observa­
tion for Gages 3-6. Where more than one observation was taken on 
each gage during the period of discharge, as was the customary
(Continued on page 86)
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Table 6. OBSEKVATIONS.
Part 1, 4-in . Series O rifice 0.497 in. Diam.
Obs. Wt. Water in Lbs • Time Gage Readings in F t.Ho. Init . Pinal Het Ho. 1 
Water
Ho. 2 
Water
Ho. 3 
Water
Ho. 4 
Water
Ho.5 
Water
Ho. 6 
Water
11 970 1175 205 75m s 00
-.010
-.011
-.010
- .0x1
:9-
.000 .000 .000 .000
12 716 970 254 63 05
-.025
-.025
-.025
-.025 .000 .000 .000 .000
13 511 721 210 41 20
-.039
-.039
-.040
-.040 .000 .000 .000 .000
14 216 511 295 49 00
-.053
-.057
-.054
-.057
+ .001 
.000 .000 .000 .000
15 0 216 216 30 30 -.080
-.073
-.082
-.074
.000 
+ .001
.000 .000 .000
16 1466 1783 317 37 35 -.110
-.104
-.115
-.108
+ .002 
+ .001
+ .002 
+ .001
.000 .000
17 24 224 200 21 10
-.147
-.155
-.149
-.155
+ .002 
+ .001
.000
.000
.000
.000
.000
.000
18 224 496 272 25 26
-.190
-.195
-.195 
- . 200
+ .003 
+ .003 .000 .000 .000
19 584 869 285 25 42
-.167
-1 6 3
-.170
-.168
+ .002 
+ .002
+ .002 
+ .002 .000.000
.000
.000
20 496 691 195 16 03 -.250-. 250
-.255
-.255
+ .003 
+ .002
+ .002 
+ .001 .000 .000
21 869 1466 597 48 00
-.190
-.200
-.195
-.204
+ .003 
+ .003
+ .004 
+ .002 .000 .000
22 383 584 201 15 59
-.234
-.244
-.242
-.250
+ .003 
+ .003
+ .002 
+ .002 .000 .000
23 691 961 270 19 20
-.306
-.312
-.309
-.315
+ .002 
+ .002
+ .001 
+ .002 .000 .000
24 8 383 375 23 27 -.312
-.308
-.320
-.315
+ .004 
+ .003
+ .003 
+ .004
.000
.000
.000
.000
25 941 1440 499 30 21 -.397 -.405 + .004 + .005 .000 .000
26 495 941 446 25 01 -.456 -.465 + .005 + .005 .000 .000
Sheet Ho. 1 .
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TABLE 6 (Cont'd). OBSERVATIONS
Part 1, 4-in. Series O rifice 0.497 in. diam.
o¥f ; Wt.Water in Lbs. Time Gage Reading :In f t .
NO. Init . Final Net No.1 No.2 
Water Water
No. 3 
Water
No.4 
Water
No. 5 
Water
No. 6 
Water
27 846 405 849 m s 13 15 -.518 -.528 + 006 + .005 .000 .000
88 948 1447 505 84 00 -.620 -.632 + .007 + .008 .000 .000
89 667 948 875 18 18 -.715 -.730 + .010 + .008 .000 .000
30 411 667 856 11 00 -.825 -.845 + .008 + .009 .000 .000
31 05 411 406 16 00 - 935 -.950 + .009 + .008 .000 .000
38 1166 1596 430 15 00 - I . qSO -1.095 -1.110 -1.125 + .013 + .013 + .010 + .010 .000 .000
1 33 788 1166 384 13 00 -1.41 -1.44 + .020 +.013 .000 .000
34 575 788 807 6 00 -1.70 -1.74 +.025 +.018 .000 .000
35 865 575 310 8 00 -2.27 -2.305 
-2.19 -2.23
+ .030 
+ .030
+.015 
+ .018
.000
.000
.000
.000
36 00 865 865 6 00 -3.00 -3.05 +.030 + .025 .000 .000
Mercury Mercury
37 00 313 313 6 00 -.349 -.355 + .050 + .030 .000 .000
38 313 576 263 4 31 -.427 -.436 + .075 + .026 .000 .000
39 576 1107 531 8 06 -.488 -.498 +.103 +.016 -.001 .000
40 1107 1558 445 6 00 -.602 -.615 +.136 +.022 .000 .000
41 74 860 786 10 11 -.745 -.758 + .136 + .055 + .002 .000
48 43 716 673 8 00
-.856 -.875 
-.820 -.833 + .160 +.040 .000 .000
43 716 1393 677 7 19
-.980 -.995 
-.928 -.936 + .210 +.035 .000 -.001
44 6 311 305 3 00 -1.295-1.320 +.230 +.060 .000 .000
45 311 868 557 4 41 -1.630 -1.658 -1.670 -1.695 +.330 + .080 + .005 -.002
Sheet No. 8
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TABLE 6 (C ont'd .) OBSERVATIONS
Part 1 , 4-in . Series O rifice 0.497 in. diam.
Obs . ~W7Wat Or in ]7bs . Time Gage Reading in f t .
No. Init . Pinal Set So.1 So.2 So.3 
Mercury Mercury Water
So. 4 
Water
So 5 
Water
So. 6
Wat ei
46 77 537 460 m s 3 29 -2.095 -2.136 +.380 +.150 +.008 -.003
47 537 1309 772 5 14
-2.620
-2.605
-2.665
-2.660 +480 +.140 +.005 .000
48 82 555 473 3 00
-2.986
-3.000
-3.035 +.57 
-3.065 +.560
+.16
+.18
+.010
+.010
+.005
+.004
49 555 1091 536 3 00
-3.890
-3.905
-3.968 
-3.974 +.61 +.35 +.02
-.001
.000
50 1091 1621 530 3 00 -3.905 -3.9 78 +.57 +.37 +.015 -.001
Y/ater
O rifice 0. 
Water
67 in. diam.
51 0 434 434 101 41
-.007
-.009
-.007 .000 
-.010 +.001
.000
.000
.000
.000
. 000 
.000
52 434 753 319 . 64 00
-.011
-.010
-.012 .000 
-.012 .000
.000
.000
.000
.000
.000
.oooj
53 753 1015 262 43 40
-.016
-.017
-.016 .000 
-.017 .000
.000
.000
.000
.000
.000
.000
54 70 409 339 48 45 -.021
-.022
-.022 .000 
-.022 +.001
.000
.000
.000
.000
.000
.000
55 422 659 237 30 40 -.029
-.026
-.030 .000 
-.027 .000
.000
.000
.000
.000
.000
.000
56 78 320 242 26 00 -.038
-.037
-.039 .000 
-.038 .000
+.002
+.001
.000
.000
.000
.000-
57 320 665 345 35 19 -.044
-.045
-.046 .000 
-.046 .000
+.001
+.002
.000
.000
.000
.000
Sheet So. 3.
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TABLE 6. (C ont'd .) OBSERVATIONS.
Part 1 , 4-in. Series O rifice 0.67 :In. diam.
Ohs . Wt.Water in Lbs. Gage Reading in :ft .
No. Init . Final Net Time No. 1 
Water
No.2 
Water
No .3 
Water
No-. 4 
Water
No.5 
?/ater
No. 6 
Water
58 666 970 304 m s 27 00 -.060
-.059
-.062
-.061
.000
.000
+.002
+.002 .000.000
.000
.000
59 75 350 275 23 09 -.067
-.067
-.069
-.069
.000
.000
+.002
+.003
.000
.000
.000
.000
60 350 640 290 21 00 -.088
-.090
-.090
-.092
.000
.000
+.003
+.003
.000
.000
.000
.000
61 84 393 309 21 06 -.100
-.096
-.104
-.100
+.001
+.001
+ .004 
+ .003
.000
.000
.000
.000
62 393 731 338 21 27 -.115 -.120 + .001 + .004 .000 .000
63 731 1309 578 31 54 -.154 -.160
+ .002 
+ .001
+ .003 
+ .004
.000
.000
.000
.000
64 89 569 480 23 21 -.202 -.209 + .003 + .004 .000 .000
65 569 965 396 17 25
-.234
-.240
-.240
-.250
+ .003 
+ .004
+ .005 
+ .006
.000
.000
.000
.000
66 97 577 480 19 20 -.273 -.290 + .006 + .009 .000 .000
67 577 854 277 9 54 -.348 -.365 + .007 + .009 +.001 .000
68 86 493 407 11 24 - ,572 -.595 + .010 + .014 .000 .000
69 854 1278 424 11 37 - . 440 -.459 + .007 + .011 .000 .000
70 493 940 447 10 55 -.740 -.767 +.012 + .014 .000 .000
71 940 1520 580 12 42 -.930 -.965 +.015 + .020 +.001 .000
72 83 588 505 10 00 -1.17 -1.22 + .019 + .030 +.001 .000
73 588 1479 891 15 12 -1.56 -1.615 + .024 + .034 + .001 .000
74 66 1479 1413 20 51 -2.035 - 2.100 +.035 +.035 + .001 .000
75 71 928 857 11 16 -2.69 -2.78 + .07 + .03 +.002 .000
76 928 1396 468 5 18 -3.57 -3.71 + .08 + .06 +.003 .000
Sheet No. 4.
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TABLE 6 (Cont'd. OBSERVATIONS
Part 1, 4-in Serie s O rifice 0.,67 in . diam•
Obs. Wt.Water in Lbs Time Gage Reading in f t .
No In it. Final Net No.1 No.2 No.3 
Mercury Mercury Water
No. 4 
Water
No. 5 
Water
No. 6 
Water
77 5 192 189 )2m s 00
-.312
-.307
-.320
-.320 + .065 + .060 .000 .000
78 192 415 221 2 10
-.372
-.375
-.388
-.389 + .090 + .070 + .003 .000
79 415 657 224 2 00 -.435 -.450 + .14 + .10 + .005 .000
80 657 886 249 2 00 -.555 -.575 + .13 + .12 + .005 .000
81 886 1161 275 2 00 -.665 -.688 + .18 + .16 + .005 .000
82 1161 1476 315 2 00
-.815
-.815
-.843
-.840 + .25 + .11 .000 .000
85 1476 1845 367 2 15 -.963 -.990 + .32 + .12 + .000 .000
84 55 441 388 2 00 -1.308 -1.350 + .40 + .16 + .003 -.001
85 441 900 459 2 06 -1.71 -1.77 + .53 + .26 + .005 -.002
86 900 1411 511 2 05j -2.09 -2.165 + .70 + .27 + .008 -.002
87 1411 1960 549 2 00 - 2.68 -2.78 + .91 + .31 + .010 -.002
88 53 822 789 2 38 -3.216 -3.328 +1.17 + .42 + .015 -.003
89 822 1815 993 3 09
-3.60
-3.61
-3.73
-3.74 +1.21 + .59 + .020 -.002
O rifice 1.00 in. diam.
90 21 131 110 11 00
-.010
-.010
-.010
-.007
+.001 
+ .001
+ .002 
+ .005
.000
.001
-.004
-.002
91 85 181 98 9 19
- . 0 1 1
-.009
-.010
-.009
+.001 
+ .001
+.001 
+ .001
.0 0 0
.0 0 0
+ . 001 
-.001
92 180 273 93 8 20
- . 0 1 1
-.010
-.011
-.010
.0 0 0
.0 0 0
.0 0 0
.0 0 0
.0 0 0
.0 0 0
.0 0 0
.0 0 0
95 275 373 100 8 00 -.013 -.015 + .001 .0 0 0 .0 0 0 .0 0 0
Sheet No. 5.
Part
TABLE 6. (Cont 
1, 4-in . Series.
; 'd .) OBSERVATIOHS
O rifice
37.
1.00 in . diam.
Obs.
Ho.
Wt♦Water in Lbs. Time Gage Reading, in f t «
In it . Pinal Ket Ho.l
Water
Ho. 2 
later
Ho. 3 
Water
He .4 
Water
Ho .5 
Water
Ho. 6 
Water
94 373 552 179 l i m59S -.020 -.020 +.001 .000 .000 .000
-.019 -.019 +.001 .000 .000 .000
95 001 101 100 6 50 -.020 -.022 .000 +.002 .000 .000
96 101 260 159 9 00 -.027 -.029 + .001 +.003 .000 .000
97 260 383 123 6 15 -.034 -.039 + .001 + .004 .000 .000
98 383 485 102 4 30 -.047 -.050 +.001 + .003 .000 .000
99 485 613 128 5 10 -.060 -.063 + .002 +.002 .000 .000
-.058 -.060 +.002 + .002 .000 -.001
100 617 756 139 5 00 -.073 -.077 + .002 + .004 .000 .000
-.072 -.075 + .002 + .003 .000 .000
101 756 947 191 6 30 -.080 -.085 + .003 + .003 .000 .000
+ .003 -.001 .000
-.080 -.084 + .003 + .004 .000 .000
102 947 1251 304 9 00 -.098 -.106 + .003 + .005 .000 .000
-.106 -.114 + 004 + .005 .000 .000
103 031 356 325 9 00 -.122 -.130 + .005 + .006 .000 -.002
104 356 876 520 13 00 -.154 -.166 + .004 +.008 .000 -.001
-105 876 1140 264 6 00 -.187 -.200 + .004 + .010 .000 -.001
106 1140 1405 265 5 00 -.253 -.272 +.008 +.012 .000 -.001
107 98 743 645 7 00 -.318 - .339 + .010 +.016 .000 -.001-.324 -.352
108 53 365 312 5' 00 -.405 -.439 +.012 +.020 +.002 -.001
109 60 571 511 6 40 -.542 -.580 +.018 +.025 +.001 .000-.532 -.570 +.015 +.020 +.001 .000
110 578 1101 523 6 20 -.632 -.680 +.°20A +.030 +.002 .000
111 65 544 479 5 00 -.862 -.920 +.021 +.035 +.002 .000
Sheet Ho. 6
38.
TABLE 6 (Cont'd.) OBSERVATIONS
Part 1, 4-in . Series O rifice 1.00 in . diam.
Obs. Wt.Water in Lbs. Time Gage Reading in f t .
No. In it. Pinal Net No.1 No.2 
Water Water
No. 3 
Water
No.4 
Water
No .5 
Water
No. 6 
Water
112 544 1106 562 51moos -1.140 -1.221 + .040 + .045 + .002 -.001
113 89 1053 964 7 10 -1.695 -1.815 + .045 + .065 + .003 -.002
114 83 793 710 4 38 -2.21 -2.32 + .010 
+ .090
+ .090 + .005 -.002
115 77 743 666 4 00 -2.605 -2.800 + .100 + .005 -.002
116 743 1415 672 3 29 -3.44 -3.70 + .140 + .14 + .01 -.002
117 99 688 589 3 00 -3.59 -3.86 + .14 + .15 + .01 -.002
Mercury Mercury
118 07 708 701 3 26 -.310 -.328 + .14 + .13 + .010 .000
119 708 1441 733 3 20 -.352 -.379 + .16 + .19 + .010 .000
120 70 983 913 3 50
-.416 -.446 
-.420 -.450 + .21 + .22 + .010 .000
121 983 1757 774 3 00 -.500 -.530 + .23 + .24 + .015 .000
122 48 697 649 2 30 -.488 -.525 + .23 + .26 + .013 .000
123 697 1425 728 2 30 -.618 -.665 + .30 + .31 + .020 .000
124 69 823 754 2 30 -.665 -.715 + .30 + .34 + .023 + .002
125 823 1838
/
1015 3 05 -.805 -.880 + .37 +. 42'- + .025 .000
126 72 739 667 2 00 -.815 -.880 + .41 + .43 + .022 .000
127 739 1838 1099 3 052 -.930 -1.003 + .46 + .48 + .033 .000
128 79 1309 1230 3 00 -1.235 -1.335 + .61 + .63 + .035 + .002
129 34 1414 1370 3 00 -1.57 -1.70 + .77 +.78 + .050 .000
130 84 1695 1611 3 02§ -2,11 -2.28 +1.00 + 1.07 +.060 + .003
131 85 1429 1344 2 20 -2.53 -2.73 +1.11 + 1.36 +.080 + .001
132 17 1367 1350 2 00 -3.36 -3.64
Sheet No. 7
TABLE 6 . (Cont'd.) OBSERVATIONS
39.
Part 1 , 4- in. Series O rifice 1.34 in. diam.
Ohs. wt.Water in Lbs . Time Gage Reading in f t .No. In it . Final Net No. 1 
Water
No. 2 
Water
No . 3 No.4 
Water Water
Do75" 
Water ’
No. 6 
Water
133 76 390 314
m s 
16 00 - ,010 -.011 +.001 .000 .000 .000
134 21 320 299 14 00 -.013 -.014 +.001 .000 .000 .000
135 320 620 300 12 07 -.015 -.017 +.002 .000 .000 .000
136 620 1306 686 22 36 - .024 -.027 +.002 .000 .000 .000
137 1352 1667 315 11 09 - ,020 -.022 +.002 .000 .000 .000
138 143 445 302 9 00
-.030
-.029
-.034
-.033 +.003 +.001 .000 .000
139 445 1011 566 15 30 -.036 -.039 +.003 +.001 .000 .000
140 1011 1682 671 18 00 -.038 -.042 +.003 +.001 .000 .000
141 81 433 352 9 00 -.042 -.047 +.004 +.001 .000 .000
142 433 1094 661 14 30 -.057 -.063 +.004 +.002 .000 .000
143 1094 1920 826 17 31 -.064 -.072 +.004 +.003 .000 .000
144 80 472 392 7 15 -.075 - .085 +.007 +.005 .000 .000
145 63 661 598 11 01 -.079 -.090 +.007 +.005 .000 -.003
146 472 784 312 5 13 -.097 -.110 +.008 +.005 +.001 .000
147 784 1117 333 5 00 -.119 -.137 +.010 +.007 .000 .000
148 1117 1507 390 5 00 -.165 -.190 +.013 +.012 .000 .000
149 59 513 454 5 00 -.225 -.256 +.018 +.012 +.001 .000
150 513 937 424 4 00 -.300 -.348 +.028 +.018 +.001 .000
151 937 1426 489 4 Ol| -.400 -.460 +.032 +.025 +.002 .000
152 68 521 453 3 20 - .497 -.573 +.035 +.040 +.002 .000
153 530 992 462 3 00 -.640 -.730 +.045 +.045 +.002 .000
154 992 1491 499 3 00 -.745 -.860 +.060 +.050 +.002 .000
j
Sheet No. 8
40.
TABLE 6 (Cont'd.) OBSERVATIOHS
Part 1, 4 -in . Series O rifice 1.24 in. diam.
Obs. Wt‘.Water in Lbs. Time Gage Reading in f t .
lio. In it. Pinal Set Ho.l Ho.2 Ho.2 Ho.4 Ho.5 Ho.6
____  Water Water Water Water Water Wat er
m s
155 60 725 675 2 40 -.928
156 725 1424 699 2 20 -1.19
157 17 985 968 4 00 -1.59
158 76 876 800 2 00 -1.94
159 876 1788 912 2 00 -2.54
160 74 1120 1056 2 01 -2.41
Mercury
161 05 1267 1262 2 20 -.280
162 76 1072 997 2 1312 -.220
162 72 1422 1249 2 10 -.290
164 57 1572 1516 2 07 -. 512
165 72 1125 1062 1 *4 -.628
166 16 1664 1648 2 00 -.655
167 70 2022 1952 2 16
-.772
-.780
168 79 1451 1272 2 09 - .885
169 15 1660 1645 2 20 -1.075
170 17 1625 1618 2 00 -1.422
171 71 1781 1710 1 56 -1.702
172 52 1820 1767 1 4 ^ -2.14
172 86 1772 1687 1 20 -2.78
Sheet Ho. 9
-1.065 + .070 + .065 + .002 .000
-1.27 + .095 + .072 + .004 .000
-1.84 + .120 + .100 + .007 .000
-2.22 + .155 + .120 + .010 .000
-2.91 + .190 + .170 + .010 .000
-2.91 + .250 + .220 + .020 .000
Mercury
-.221 + .27 + .24 + .010 .000
-.280 + .22 + .27 + .02 .000
- . 445 + 28 + .24 + .02 .000
-.585 + .48 + .45 + .02 +. 002
-.715 + .57 + .55 + .02 + .004
-.752 + .61 + .57 + .04 + .004
-.878
-.885 + .71 + .67 + .04 + .006
-1.010 + . 85 + .74 + .06 + .006
-1.220 + .97 + .92 + .05 + .009
-1.650 +1.22 ■+ 1.22 + .07 + .015
-1.940 + 1.52 + 1.50 + .09 + .012
-2.46
-2.18
41.
TABLE 6. (Cont'd,) OBSERVATIONS
Fart 1. 4-in. Series O rifice 1.67 in. diam.
Ohs. Wt.Water in Lbs. Time Gage Reading in f t .
Ho. In it . Pinal Net No .1 
Water
No. 2 
Water
No. 3 
Water
No. 4 
■ Water
No. 5 
Water
No. 6 
Water
173| 36 271 235 m s 8 00 -.007 -.011 +.002 + .001 .000 .000
174 271 623 352 9 51 -.010 -.014 + .003 + .001 .000 .000
175 623 881 258 6 29 -.015 -.019 + .003 + .002 .000 .000
176 881 1140 259 6 00 -.019 -.023 + .003 + .001 .000 .000
177 1140 1708 568 11 01 -.024 -.031 + .003 + .003 .000 .000
178 79 306 227 4 00 -.030 -.039 + .006 + .003 .000 .000
179 306 555 249 4 00 -.037 -.047 + .006 + .004 .000 -.001
180 555 799 244 3 40 -.042 -.054 + .007 + .006 .000 .000
181 799 1089 290 4 00 -.050 -.063 + .008 + .006 .000 .000
182 1089 1411 322 4 00 -.062 -.076 + .010 + .008 .000 .000
183 1411 1756 345 4 00 -.073 -.088 + .010 + .008 .000 .000
184 88 482 394 4 1142 -. 086 -.104 + .011 + .009 .000 .000
185 482 896 414 4 00 -.105 -.127 + .011 + .010 .000 .000
186 896 1228 332 3 00 -.123 -.151 +.013 +.013 .000 .000
187 1228 1675 447 3 -.144 -.174 +.016 +.015 .000 .000
188 87 621 534 4 00 -.173 -.213 +.021 +.019 .000 .000
189 626 1702 1076 7 00 -.230 -.283 +.030 +.026 +.000 -.001
190 84 609 525 3 00 -.294 -.360 +.035 +.029 +.002 -.000
191 609 1192 583 2 59g -.364 -.454 +.050 +.039 +.002 .000
192 1192 1852 660 3 00 -.469 -.585 +.064 +.048 + .002 .000
193 95 846 751 3 02g -.592 r .7 3 8 +.082 +.060 +.003 .000
194 846 1685 839 3 00 -.762 -.950 + .106 +.080 +.003 +.001
Sheet Ho. 10
42.
TABLE 6. (Cont'd) OBSERVATIONS
Part 1 , 4-in . Series O rifice 1.67 in.diam.
OTds. Wt #Water in Lbs. Time Gage Reading in I t .  |
Ho. Init . Final Net No.l No.2 No.3 No. 4 No.5 No77!
Water Water Water Water Water Watejf
195 m s
•
22 960 938 3 00 -.95 -1.18 +.14 + .09 .000 .000
-1.23 -1.53 +.19 +.11 .00 .000196 960 1937 977 2 45 -1.20 -1.51 +.19 +.11 +.01 .000
197 77 989 912 22 12s -1.68 -2.05 +.24 + .15 +.01 .00
198 989 1949 960 z2 OI5 -2.21 -2.76 +.32 + .21 +.01 .000
-3.18 -3.95
199 93 1608 1515 2 40 -3.17 -3.95 +.45 + .29 +.02 +.003
Mercury Mercury
200 79 1818 1739 3 00 -.258 -.317 +.47 + .29 +.02 +.003
201 72 1956 1884 s 69i -.306 -.377 +.56 + .35 +.02 +.005
202 75 1932 1857 2 44 -.353 -.435 +.66 + .41 + .025 +.008
203 82 1936 1854 2 295 -.425 -.530 +.78 + .49 +.03 +.010
204 82 1934 1852 2 15 -.520 -.640 +.97 + .59 +.04 +.011
205 60 1885 1825 2 00 -.633 ,.791+ 1.20 + .74 +.05 +.014
206 85 1906 1821 1 46 -.802 -1.005 + 1.44 + .96 +.06 +.017
207 52 1839 1787 1 -1.020 -1.26571 1540 1469
32^6
2 542 -1.022 -1.270
208 52 1873 1821 -1.322 -1.63366 1618 1552
3373
2 35
209 73 1800 1727 -1.612 -2.015
75 1733 1658
3385
2 20
210 86 1827 1741 -1.88 -2.34
75 1463 1388 2 00 -1.87 -2.33
3127
Sheet No . 11
43.
TABLE 6. (C ont'd .) OBSERYATIOHS
Part 1, 4-in . Series O rifice £.00 in. diam.
Obs Wt. Water in Lbs. Time Gage Reading in f t .
Ho. In it. Final Het Ho .1 
Water
Ho. 2 
Water
HO. 3 
Water
Ho. 4 
Water
Ho. 5 
Water
Ho. 6 
Water
211 31 283 252 6in ~s 00 -.008 -.009 + .001 .000 .000 .000
212 283 584 301 6 00 -.011 -.013 + .002 .000 .000 .ooc
213 588 911 323 6 00 -.013 -.015 +.002 .000 .000 .ood
214 911 1195 284 5 00 -.013 -.018 +.002 +.002 .000 .000
215 1211 1730 519 8 04 -.017 -.022 +.003 +. 002 .000 .ood
216 68 314 246 3 20 -.020 -.026 +.004 +.003 .000 .000
217 384 631 247 3 20 -.021 -.030 +.005 +.003 .000 .000
218 54 737 683 8 10 -.030 -.039 +.005 +.005 .000 .000
219 76 894 818 9 20 -.034 -.044 +. 008 +.007 .000 -.002
220 737 1315 578 6 00 -.040 -.052 +.010 +.005 .000 -.001
221 894 1470 576 5 30 -.046 -.060 +.010 +.007 .000 .000
222 61 515 454 4 00 -.053 -.073 + .011 + .009 .000 .000
223 515 889 374 3 00 -.063 -.085 +.013 + .009 .000 .000
224 889 1294 405 3 00 -.075 -.101 + .016 + .010 .000 .000
225 1294 1748 454 3 00 -.094 -.127 + .020 + .012 .000 .000
226 74 581 507 3 00 -.118 -.158 + .025 + .013 .000 .000
227 581 1117 536 3 00 -.133 -.180 + .030 + .016 .000 ‘.001
228 1117 1793 676 3 30 -.155 -.208 + .035 + .020 .000 .000
229 85 1244 1159 5 10 -.210 -.288 +.053 +.026 .000 .000'
230 78 857 779 3 00 -.275 -.380 + .070 +.035 .000 .000
231 857 1686 829 3 00 -.315 -.430 + .075 +.038 + .002 .000
232 81 951 870 3 00 -.355 -.485 + .085 + .045 + .002 + . 002
Sheet Ho. 12
Part 1,
TABLE 6 (Cont'd). OBSERVATIONS.
4-in . Series. O rifice 2.00 in.
44.
diam.
Obs. Wt.Water in lbs. Time Gage Reading in Ft.
Mo. ini i . Pinal le t No.1 No.2 No.3 No.4 No.5 No. 6
Water Water Water Water Water 1Water
2 3 3 951 1938 987 m s 3 00 -.450 -.620 +.110 +.058 +.002 + .002
23 4 80 1860 1780 5 00 -.535 -.730 +.135 +.060 +.005 -.002
235 93 1668 1575 4 00 -.650 -.883 +.158 +.080 +.005 -.003
236 61 1767 1706 4 00 -.790 -1.07 +.195 +.090 +.005 + .000
237 60 1863 1803 3 40 -1.03 -1.40 +.250 +.110 +.006 + .004
2 3 8 58 1852 1794 3 15 -1.285 -1.75 +.320 +.140 +.005 -.003
-1.50 -2.05
239 55 1895 1840 3 05 -1.48 -2.03 +.360 +.160 +.005 .000
2 4 0 06 1727 1721 4 31 -2.01 -2.74 +.510 +.230 +.010 + .005
1 3 1546 1533
3254
-2.93 -3.99 +.700 +.340 +.010 + .010
241 20 1786 1766 4 04 -2.90 -3.98 +.675 +.320 +.010 + .010
31 1552 1521
3287
Mercury Mercury
24 2 74 1790 1716 2 00 --.250 -.333 +.72 +.35 +.02 + .01
243 76 1851 1775 3 30 -.310 -.428 +.93 +.46 +.025 + .013
77 1653 1576
335T
24 4 60 1872 1812 3 00 -.404 -.551 +1.20 +.62 +.030 + .01855 1539 1484
3296
-.530 -.720
24 5 81 1841 1760 2 38 -.530 -.718 +1.62 +.80 +.045 + .02178 1623 1545
3305
246 06 1833 1827 2 23 -.680 -.930 + 1.07 +.056 + .05070 1639 1569
3396
Sheet No. 13
45
TABLE 6 (Cont'd).iOBSERVATIONS
Part 1, 4- in. Series O rifice 2.00 in.
cv., 'r.
diam •
Obs. Wt.Y/ater in Lbs. Time Gage Reading in f t .
No. In it . Final Net No .1 No.2 No.3 No.4 No. 5 No. 6 (
Mercury Mercury Water Water Water Wateij
m 4 .s -.898 -1.22
247 10 1844 1834 2 035 -.897 -1.180
78 1615 1537
3371
248 90 1957 1847 11 47g -1.102 -1.504
47 1428 1381 -1.105 -1.490
3228
O rifice 2.68 in. diam,
Water Yifater
249 74 656 562 7 00 -.006 -.010 +.004 .000 .000 .000
250 54 600 566 6 22 -.008 -.012 +.005 .000 .000 .000
251 656 1292 656 6 43 -.009 -.016 +.007 .000 .00& .000
252 600 1297 697 5 39 -.013 -.021 +.008 .000 .000 .000
255 85 775 690 o 00 -.017 -.029 +.010 +.001 .000 .000
254 690 1540 850 5 00 -.020 -.036 +.012 +.003 .000 .000
255 72 975 903 5 10 -.027 -.045 +.016 +.003 .000 .000
256 975 1754 779 4 00 -.030 -.054 +.020 +.004 .000 .000
257 65 900 835 3 36 -.045 -.078 +.029 +.006 .000 .000
258 900 1804 904 3 39 -.051 -.092 +.035 +.007 .000 .000
259 82 1074 992 3 34 -.068 -.119 +.046 +.008 - .001 .000
260 91 1285 1194 3 45 -.088 -.154 +.054 +.011 - .001 .000
261 58 1527 1469 4 00 -.112 -.203 +.078 +.014 - .001 .000
262 81 1585 1502 3 42 -.140 -.249 +.094 +.019 - .003 .000
265 57 1760 1703 3 48 -.171 “-.308 +.113 +.022 - .002 .000
Sheet No. 14
46.
TABLE b. (Cont'cL. J OBSERVATIONS.
Part 1, 4-in . Series O rifice 2.b8 in. diam.
Ob8. Wt.7/ater in Lbs. Time Gage Reading in f t .No. lni%. Pinal Net No. 1 No. 2 No.3 No.4 No. 5 No. 6
water Water Water Water Water Water
264 84 1789 1705 m s 5 15 -.249 -.430 +.±46 +.030 -.003 .00042 1136 1094
2799
26b 70 1578 1508 5 15 -.320 -.562 +.208 +.040 -.005 +.00175 1788 1713
3221
266 97 1856 1759 4 38 -.418 -.760 +.294 +.056 -.006 +.00125 1566 1541
3300
267 69 1612 1543 3 54 - .575 -1.035 +.380 +.080 -.011 + .00586 1772 1686
3229
268 61 1848 1787 3 41 -.73 -1.27 +.46 +.09 -.012 + .01068 1542 1474
3261
269 70 1646 1576 3 09 -.94 -1.68 +.61 +.13 -.015 + .01878 1828 1750
3326
270 36 1800 1764 2 49 -1.11 -1.99 +.74 +.16 -.020 + .02135 1511 1476
3240
271 41 1484 1443 2 24 -1.50 -2.65 +.96 +.20 -.023 + .02691 1820 1729
3172
272 91 1790 1699 2 Ob -1.82 -3.22 +1.26 +.24 -.032 + .04078 1495 1417
3116
273 78 1847 1769 1 55 - 2.30 -4.15 +1.49 +.32 -.04 + .0578 1461 1383
3152
Sheet No. 15
47
TABLE 6 (Cont'd.) OBSERVATIONS
Part 1, 4- in Series O rifice 2.68 in diam.
Obs. Wt.Water in Lbs. Time Gage Heading in ft .
No. In it . Final Net. No.l- No. 2 No. 3 No.4 No.5 No. 6
Mercury Msrcury ?feter Water Water Wrater
m  pj -.178 -.315274 19 1848 1829 2 00 -.168 -.320 + 1.45 + .30 -.03 + .06
83 1577 1494
3323
275 89 1851 1762 1 41 -.250 - .442
82 1611 1529
3331
-.248 -.432
O rifice 3.33 in. diam.
Water Water
276 20 878 858 5 01 -.005 -.006 + .002 .000 .000 .000
277 08 1095 1087 5 10 -.007 -.010 + .003 .000 .000 .000
278 47 1039 992 4 00 -.008 -.015 + .006 .000 .000 .000
279 70 1236 1166 4 10 -.009 -.018 + .008 +.001 -.002 + .001
280 69 1040 971 2 59 -.014 -.024 +.011 +.002 -.002 .000
281 60 1554 1494 4 30 -.017 -.028 + .011 +.001 -.003 +.002
282 28 1505 1477 4 00 -.018 -.032 +.016 +.002 -.002 .000
283 64 1860 1796 4 35 -.023 -.038 +.015 +.002 -.003 .000
284 69 1768 1699 4 00 -.024 -.047 +.020 +.003 - .004 +.002
285 03 1838 1835 4 04 -.028 -.055 +.030 +.003 -.006 +.002
286 76 1670 1594 5 30 -.034 -.064 +.020 +.005 -.008 +.002
84 1189 1105
3639
287 13 1716 1703 6 14 -.035 -.068 +.030 +.005 -.005 .00089 1635 1546
3343
288 65 1614 1549 4 28 -.038 -.085 + 043 +.010 -.009 +.00283 1139 1056
3633
Sheet N° • 16
48
TABLE 6 (Cont'd.) OBSERVATIONS
Part 1 4-in  Series O rifice 3.33 in. diam.
Obs. Wt.Water in Its . Time Gage Reading in f t .No. In it. Final Net No .1 No. 2 No. 3 No. 4 No. 5 No.6
Water Water Water Water Water Water
289 m s43 1770 1727 4 45 -.053 -.105 + .048 + .010 -.009 +.00186 1533 1447
3T74
290 64 1745 1581 4 18 -.068 -.128 + .060 +.015 -.014 + .00195 1632 1537
3118
291 52 1779 1727 3 52 -.080 -.166 + .077 + .018 -.012 + .00574 1583 1509
3236
292 63 1743 1680 3 27 -.092 -.202 + .095 +.020 -.014 +.00792 1559 1467
3147
293 63 1771 1708 3 12 -.123 - .255 +.120 +.026 -.020 +.01090 1689 1599
3307
294 77 1762 1685 2 46rr -.155 -.325 +.150 +.035 -.028 +.01895 1635 1540
Z Z 2 5
295 43 1755 1712 2 33 -.180 -.380 +.175 +.040 -.032 +.02861 1548 1487
3199
296 01 1741 1740 3 50 -.090 -.175 +.080 +.018 -.014 +.00507 1517 1510
3250
297 05 1751 1746 3 38 -.100 -.207 +.100 +.015 - .018 +.00922 1600 1578
3324
298 33 1747 1714 2 29 -.190 -.400 +.175 +.040 -.031 +.02868 1517 1449
3163
299 49 1769 1720 2 07 -.270 -.550 +.240 + .050 -.045 +.03556 1519 1463
3183
Sheet No. 17
49
TABUS 6 (O ont'd .) OBSERVATIONS
Part 1 4 -in . Series O rifice 3.33 in. diam.
Ohs. Wt.Water in Lt>s. Time Gage'Reading in f t .
No. In it. Pinal Net No.l No.2 No.3 No.4 Io75 NoTg"
______________ ___________________ Water Water Water Water Water Water
m „s
300 75 1773 1698 1 49?
100 1645 1545
3 2 4 5
D
301 49 1758 1709 1 4335
72 1595 1523
3232
3302 68 1791 1723 1 32c
59 1545 1486
3209
Sheet No
370 -.770 +. 340 +.065 -.060 + .050
495 -1.02 +.455 +.090 -.080 + .070
500 -1.03 +.465 +.090 -.085 + .065
50.
TABLE 6. (Coat'd.) OBSERVATIONS.
Part 2, 4-in . Series O rifice 2.00 in. diam.
—____________-QbiL^..03-3ia watc.h gains...0.181” in 48rn
Obs. Tank Gage Time Gage Reading in f t .
No. In it. Pinal Net No. 1 No.2
____________________________________ Mercury Mercury
303 2.603 7.690 4^109 - 1.66 - 2.24
304 2.930 8.581 3.891 - 2.24 - 3.05
305 3.381 8.818 3.169 -4.33
O rifice 2.68 in. diam
306 3.195 8.455 4.337 -0.33 -0.57
307 2.618 8.499 4.084 -0.46 -0.80
308 3.127 9.099 3.654 -0.585 -1.02
309 3.158 8.981 2.830 -0.915 -1.59
310 3.320 8.975 2.348 -1.24 - 2.17
311 2.840 9.115 2.287 - 1.64 -2.85
312 2.498 8.973 2.067
-2.15 
- 2.18
-3.75
-3.81
Orifi ce 3.33 in.diam.
Wt.Water in Lbs. Water Water
313 02 552 550 3ml l S -0.010
314 552 1176 624 3 01 - 0.014
315 1176 1868 692 2 29| -0.027
316 54 828 774 2 02 -0.041
317 828 1794 966 2 14-i5
-0.068
-0.065
318 10 1760 1750 33 18g
-0.100
-0.100
319 26 1742 1716 2 38
-0.150
-0.155
Sheet No. 19
TABLE 6 (Cont r d. ) OBSERVATIONS.
51
Part 2, 4-in . Series O rifice 3. 33 in.diam.
0T5s"7 Wt.Water in Lbs. Time Gage Reading in f t .
No. In it . Final Net No. 1 
Water
No. 2 
Water
320 20 1747 1727 m 3s 2 Olg
0.260
0.260
321 16 1847 1831 1 45f
0.390
0.390
322
Tank Gage 
3.000 6.660 4 49
0.645
0.657
323 6.660 9.660 3 12
0.980
0.980
324 3.095 7.024 3 21
1.52
1.53
325 3.265 8.250
2
2 59g
3.05
3.07
Mercury
326 2.954 9.303 3 20
0.315
0.320
327 2.400 9.106 32 A l l
0.495
0.495
328 2.851 9.267 2 00
0.895 
0.895
329 2.563 9.393 , _ 2 1 39- 0
1.50
1.51
Obs. 330-338Watch gains 0.18m min 48
Mercury Mercury
330 2.811 8.154 3.800m .0.090 0.185
331 3.304 8.884 3.388 0.125 0.250
332 3.066 8.948 3.053 0.170 0.350
Sheet No*. 2Q.
52
TABLE 6. (Cont'd.) OBSERVATIONS.
Part 2, 4-in . Series Orifi ce 3.33 in. diaj
Ohs. Tank Gage Time Gage Reading in f t .
No. In it. Pinal Net No. 1 
Mercury
No. 2 
Mer eury
333 1.824 8. 728 3.14Gm 0.215 0.445
334 0.930 8.630 2.610 0.385 0.615
335 1.082 8.690 2.862 0.315 0.665
336 1.052 8.458 2.259 0.48 1.02
337 1.203 8.686 1.908 0.68 1.44
338 1.028 8.242 1.55 0.95
0.96
1.99
2.01
Sheet No. 21
53
TABLE 6. (Cont’ d .) OBSERVATIONS 
Part 3, 6-in . Series O rifice .75 in. diara.
obs. .Water in Lbs. Time Gage Reading in f t .
No. In it. Pinal Net No.l No.2 No.3 No.4 NO.5 No.6
_________________________________ Water Water Water Water Water Water
339 57 210 153 26m008 00 CO
o
 o
0 o 
♦ •
1 1 -.010-.011
+ .002 
+ .002
.000
.000
.000
.000
.000
.000
340 210 395 185 24 10 -.016
-.016
-.019
-.019
+ .001 
+ .001
+ .002 
+ .002
-.001
.000
+ .001 
+ .001
341 14 652 638 63 00 -.032
-.030
-.034
-.034
+ .002 
+ .003
+ .001 
+ .001
-.001
.000
.000
.000
342 652 1003 351 30 00 -.041
-.037
-.046
-.041
+ .003 
+ .002
+ .003 
+ .003
-.001
.000
+ .001 
.000
343 1003 1340 337 24 00 -.058
-.059
-.062
-.062
.000 
+ .002
+ .003 
+ .003
-.001
-.001
+ .002 
+ .001
344 1340 1662 322 19 00 -.090
-.082
-.092
-.089
+ .001 
+ .001
+ .002 
+ .004
-.002
-.001
+ .003 
+ .002
345 58 448 390 19 00 -.130
-.125
-.133
-.130
+ .002 
+ .001
+ .001 
+ .001
-.001
-.001
+ .002 
+ .002
346 448 888 440 17 00 -.205
-.200
-.210
-.210
+ .001 
+ .004
+ .002 
+ .003
-.001
-.001
+ .003 
+ .002
347 888 1444 556 16 15 -.354
-.369
-.362
-.378
+ .002 
+ .001
+ .007 
+ .008
-.002 
+. 001
+.002
.000
348 15 375 360 9 00 -.490
-.488
- .500 
-.496
+ .003 
.000
+ .010
+ .006
-.001
.000
+ .002 
- .001
349 375 740 365 7 00 -.850 -.870 .000 + .018 + .001 -.001
350 740 1051 311 5 00 -1.19 -1.21 .000 + .022 .000 -.002
351 1051 1633 582 8 00 -1.655 -1.69 + .001 + .035 -.001 + .001
352 86 725 639 7 00 -2.58 -2.63 -.003 + .045 .000 + .001
353 725 1513 788 7 00 -3.942 -4.005 .000 + .075 .000 -.002
Sheet No. 22.
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TABLE 6 (Cont'd.) OBSERVATIONS 
Part 3, 6-in . series O rifice 1.00 in. diam.
0~bg. W^ YWater in lLsT Time Gage Reading in f t .
No. In it. Pinal Net No.I NoT'2 No.3 No.4 No."5 No.6
______________________ Water Water Water Water Water Water
354 01 165 164 14m00s -.014 -.016 
-.012 -.014
.000 
+ .001
.000 
+ .oor
.000
.000
.000 
+ .001
355 195 362 167 11 00 -.020 -.022 
-.021 -.023
+ .001 
+ .001
+ .001 
+ .001
.000
.000
+ .002 
+ .001
356 362 648 286 16 30 -.029 -.032 
-.029 -.031
+ .003 
+ .002
.000 
+ .003
-.001
-.001
+ .001 
+ .001
357 650 894 244 12 15 -.038 -.041 
-.036 -.039
-.002 
+ .001
+ .003 
+ .001
.000
.000
+ .002 
.000
358 894 1397 503 20 30 -.059 -.061 
-.056 -.060
+ .001 
+ .002
+ .002 
+ .002
.000
-.001
.000
-.001
359 1397 1857 460 16 00 -.082 -.085 
-.081 -.085
+ .002 
+ .001
+ .005 
+ .004
.000 
+ .001
-.001
-.001
360 84 524 440 12 00 -.132 -.135 
-.138 -.142
+ .001 
+ .002
+ .008 
+ .007
-.002
-.001
-.001
.000
361 524 1032 508 10 00 -.265 -.272 
-.260 -.265
+ .001 
.000
+ .009 
+ .010
-.001
-.001
-.001
.000
362 1035 1611 576 9 00 -.410 -.425 
-.407 -.420
+ .002 
+ .005
+ .011 
+ .011
.000
.000
-.001
.000
363 60 591 531 7 00 -.575 -.592 
-.580 -.597
.000 + .018 .000 + .001
364 591 1125 534 6 00 -.798 -.820 .000 + .021 .000 -.002
365 1125 1688 563 5 00 -1.510 -1.555 .000 + .041 .000 + .001
366 57 548 491 5 00 -.965 -1.005 
-.965 -1.000
.000 + .036 
+ .036
.000 .000
367 548 1130 582 4 00 -2.115 -2.190 .000 + .075 .000 -.002
368 1130 1834 704 4 00 -3 .28  - 3.40 -.004 + .110 .0 00 -.002
369 46 1512 1466 7 30 -3.85 -4.00 
-3.76 -3.91 -.010-.005
+ .130 
+ .130
-.010
-.005
-.002
Sheet No. 23
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TABLE 6 (Cont’ d. ) OBSERVATIONS*
Part 3, 6-in . Series O rifice 1.49 in. diam.
oFs. wt.Water in L'bs• Time Gage Reading in f t .
No. In it . Pinal Net No. 1 No.2 
Water Water
No. 3 
Water
No.4 No.5 No.6 
Water Water Water
370 45 319 274 10m31s -.010 -.012 
-.011 -.012
+ .002 
+ .001
.000 .000 .000 
.000 .000 .000
371 317 570 253 8 00 -.017 -.019 
-.018 -.019
+ .002 
+ .002
.000 .000 .000 
.000 +.001 .000
372 568 797 229 6 00 -.026 -.030 
-.027 -.031
+ .002 
+ .002
+.001 -.001 +.001 
+.003 -.002 +.001
373 38 341 303 6 27 -.040 -.044 + .002 +.004 -.002 .000
374 341 594 253 5 00 -.050 -.055 + .002 +.005 -.002 .000
375 594 889 293 5 00 -.065 -.070 + .002 +.006 -.002 .000
376 889 1152 263 4 00 -.080 -.088 + .001 +.007 -.001 +.001
377 1152 1521 369 5 08 -.100 -.108 + .002 +.007 +.001 .000
378 09 371 362 3 " f -.154 -.164 + .002 +.012 -.002 +.001
379 798 1195 397 4 00 -.186 -.203 .000 +.016 .000 +.001
380 1195 1560 365 3 00 -.277 -.300 + .003 +.019 .000 +.001
381 05 707 702 5 00 -.360 -.393 + .001 +.026 .000 +.001
382 90 677 587 4 00 -.400 -.430 + .001 +.030 .000 +.001
383 39 558 519 3 03 -.548 -.585 + .002 +.040 .000 +.001
384 558 1361 803 4 06 -.739 -.795 + .000 +.052 +.003 .000
385 02 735 733 3 00 -1.127 -1.215 + • 003 +.085 +.005 +.001
386 735 1631 896 3 04—5 —1.630 —1.760 -.005 +.130 +.004 .000
387 82 1591 1509 4 37 -2.035 -2.168 
-2.178
-.004 +.150 +.003 .000
!
+.285 +.010 .000388 13 1094 1081 3 00 -2.49 -2.67 -.004
389 39 1624 1585 4 00 -3.02 -3.28 -.009 +.230 +.018 .000
390 81 1536 1455 3 23 -3.53 -3.81 -.010 +.260 +.020 .000
391 79 1807 1728 3 45 -4.08 -4.39 -.017 +.300 +.020 .000
Sheet..No—24--------—
56
TABLE 6 (Cont’ d.) OBSERVATIONS.
Part 3, 6-in Series O rifice 2.00 in. diara.
'Oh's'.' wt.Water in Lib's* Time Gage Reading in ft .
No. in it . Pinal Net No.l
Water
No. 2  
Water
NoT3
Water
No.4 
Water
No.5 
Water
"lTo.6'
Water
392 02 413 411 9m00s -.008
-.007
-.012
-.012
+ .001 
+ .002
+ .004 
+ .005
-.002
-.002
+ .002 
+ .001
393 413 838 425 9 00 -.010
-.009
-.015
-.015
+ .001 
+ .001
+ .006 
+ .005
-.001
-.001
.00
+.001
394 838 1277 439 7 00 -.018
-.019
-.023
-.023
+ .002 
+ .002
+ .003 
+ .004
+ .001 
+ .001
.00
.00
395 1277 1698 421 6 00 -.023
-.022
-.031
-.031
+ .004 
+ .003
+ .006 
+ .004
.000 
+ .001
+ .002 
+ .001
396 132 538 406 5 00 -.034 -.042 + .001 + .006 -.001 .000
397 538 1256 718 7 00 -.056
-.058
-.067
-.068
+ .001 
+ .003
+ .007 
+ .010
-.001 
+ .001
.000 
+ .002
398 42 510 468 4 00 -.073
-.073
-.089
-.089
+ .005 + .012 + .001 + .001
399 510 1068 558 4 00 -.104 -.122 + .005 + .015 .000 + .001
400 1068 1725 657 4 00 -.146 -.172 + .005 + .022 .000 + .003
401 67 806 739 4 00 -.188 -.218 + .006 + .026 .000 + .002
402 806 1631 825 4 00 -.222 -.270 + .005 + .035 + .002 + .002
403 68 854 786 3 26 -.280 -.332 + .003 + .040 + .003 + .002
404 854 1702 648 3 20 -.342
-.358
-.420
-.408
+ .003 + .045 + .003 + .002
405 31 1475 1444 5 17 -.409
-.413
-.477
-.475
+ .003 + .052 + .005 .000
406 8 1531 1523 4 52 -.548
-.540
-.620
-.630
+ .001 + .085 + .003 + .001
407 29 1528 1499 4 14 -.695 -.800 + .004 + .091 + .002 .00
408 72 1805 1733 4 24 -.870 -1.005 + .005 + .118 + .008 .00
409 60 1554 1494 3 09 -1.26 -1.45 + .009 + .170 + .013 .00
Sheet N o .25.
Part 3, 6-
TABLE 6 (Cont 
in. Series
♦ d.) OBSERVATIONS.
O rifice 2.00 :
57
in. diam.
Obs. Wt.Water in LLs. Time Gage Reading in :ft .
No. In it . Final Net No. 1 No.2 No.3 No. 4 No.5 No.6
Water Water Water Water Water Water
410 71 2143 2072 3m31s -1.76 -2.01 -.002 + .235 + .018 .00
411 03 1631 1628 2 32 -2.30 -2.62 -.005 + .310 + .020 .00
412 44 1506 1462 2 -2.70 -3.08 -.006 + .350 + .025 .00
413 73 1809 1736 4 07 -3.63 -4.14 -.005 + .030 -.004
57 1595 1538 -3.67 -4.18 -.000 4.480
3274 Orixiee 2.50 m. diam.
414 52 730 678 9 30— -.006 -.012 + .005 + .004 + .001 + .0025 -.007 -.012 + .003 + .002 .000 + .001
-.008 -.013 + .004 + .002 .000 .000
415 50 563 513 6 00i -.012 -.019 + .005 + .005 .000 .0000 -.011 -.019 + .004 + .004 .000 .000
416 60 848 788 7 00 -,021 -.035 + .004 + .005 + .001 + .002
-.018 -.030 + .004 + .005 + .001 + .002
417 09 867 858 6 00 -.038 -.050 + .006 + .009 .000 + .001
418 98 1125 1027 6 00 -.059 -.076 + .006 + .007 .000 + .002
419 08 902 894 5 00 --069 -.084 + .006 + .008 .000 + .002
420 59 1155 1096 5 15 -.080 -•ijU + .007 + .011 .000 + .002
421 36 980 944 4 00 -.108 -.141 + .006 + .022 .000 + .001
422 70 1446 1376 5 00 -.148 -.200 + .005 + .036 + .001 + .002
423 97 1351 1254 4 00 -.190 -.258 + .006 + .046 .000 + .002-.196 -.262
424 77 1797 1720 5 00 -.242 -.300 + .005 + .058 .000 + .002
425 98 1776 1678 3 41—5 -.428 -.530 + .010 + .092 .000 + .002
426 73 1806 1733 3 14 -.692 -.732 + .010 + .120 + .020 + .010
427 78 1713 1635 3 00 -.608 -.745 + .015 + .121 .000 .000
428 41 1747 1706 3 0 °i -.320 -.403 + .007 + .069 + .002 + .002
Sheet No. 26.
Part 3, 6
TABLE 6 (Cont’ d .) OBSERVATIONS- 
-in . series O rifice 2. 50 in .
58
diam.
Obs. Wt.Water in Lbs Time Gage Reading in ft •
No. Init . Pinal Net No.l No. 2 No.3 No.4 No. 5 No. 6
Water Water Water Water Water Water'
429 28 1689 1661 2ra48^s5 -.728 -.888 +.014 +.146 + .002 + .002
450 67 1847 1780 4 54 -.965 -1.19 +.000 +.198 + .015 .00066 1640 1574
3354
431 47 1860 1813 4 00 -1.52 -1.88 4.022 +.320 + .018 .00077 1712 1635
3~44&
432 74 1761 1687 3 26 -2.09 -2.58 +.035 +.440 + .015 .0074 1842 1768
3455
433 46 1861 1815 3 03 -2.64 -3.26 +.036 +.56 + .035 -.00114 1650 1636
3451
434 78 1747 1669 2 40f -3.37 -4.18 +.030 +.71 + .06 -.00371 1822 1751 5
3420
O rifice 3.01 in. diam.
435 49 1292 1243 11 45 -.007 -.012 +.002 +.004 .000 + .002
436 79 1062 983 6 00 -.017 -.031 +.005 +.008 .000 + .002
437 43 1022 979 5 00 -.028 -.048 +.006 +.010 + .002 + .003
436 66 1185 1119 5 00 -.036 -.061 +.003 +.011 .000 + .001
439 11 1220 1209 5 00 -.048 -.075 +.005 +.013 + .002 + .001
440 14 1399 1385 5 00 -.063 -.101 +.008 +.024 + .002 + .002
441 67 1810 1743 5 00 -.100 -.155 +.010 +.037 + .002 + .002
442 04 1636 1632 4 00 -.145 -.200 +.010 +.040 + .009 + .001
443 77 1930 1853 4 00 -.185 -.283 +.020 +.053 + .008 .000
444 07 1888 1881 3 22“  5 -.248 -.379 +.020 +.070 + .001 + .010-.252 -.385 +.013 +.085 + .005 + .007
Sheet No. 27.
59.
TABLE 6 (Cont'd.) OBSERVATIONS.
Part 3, 6-in. Series O rifice 3.01 in. diam.
Obs. Wt.Water in Lbs. Time Gage Reading in f t .
No. Init . Final Net No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 
Water Water Water Water Water Water
445 44
44
1769
1563
1725
1519
SOT
-.340 -.480 +.018 +.105 +.010 +.002
446 16
76
1528
1773
1512
1697
4 36 -.424 -.600 +.021 +.130 +.010 +.012
447 03
20
1753
1600
1750
1580
3330
4 00 -.610 -.840 +.032 +.175 +.015 +.008
448 22
72
1547
1812
1525
1740
3265
3 31 -.775 -1.045 +.041 +.220 +.015 +.003
449 32
29
1716
1584
1684
1555
323?
3 10 -.920 -1.240 +.044 +.265 +.020 +.003
450 08
63
1535
1776
1527
1713 2 37  ^ -1.340 -1.810 +.065 +.380 +.030 +.003
451 78
105
1751
1693
1673
1588
3261
2 21 -1.70 -2.31 +.065 +.495 +.043 +.003
452 38
74
1771
1529
1733
1455
3188
2 17g -1.66 -2.27 +.070 +.500 +.035 .000
453 06
77
1506
1782
1500
1705
32oS
2 04 -2.13 -2.87 +.085 +.700 +.050 -.003
454 69
75
1803
1510
1734
1435
3169
3
1 57j- -2.20 -3.00 +.085 +.650 +.045 +.003
455 80
85
1700
1911
1620
1826
3Ii3
1 54 -2.84 -3.87 +.110 +.850 +.065 +.015
456 91
18
1649
1750
1558
1732
3290
1 44-j| -3.00 -4.06 
____ Sheet No. 28 _
+ .100 +1.080 +.075 -.005
TABLE 6 
Part 3, 6-in. Series
(Cont* d.)
60
OBSERVATIONS.
Orifice 4.02 in.diam.
Ob g. ¥t. Water in Lbs. Time Gage Reading in ft.No. Init. Final Net No.l No.2 No.3 No.4 No.5 No.6
Water Water Water Water Water Water
457 44 1558 1514 10m00s -.003
458 66 1773 1707 10 15 -.003
459 83 1100 1017 5 48 -.008
460 37 1097 1060 5 20 -.011
461 13 1564 1551 8 19 -.013
462 5 1714 1709 6 00 -.016
463 15 1618 1603 5 15 -.025
-.022
464 48 1682 1634 4 37 -.028
465 9 16)19 1610 4 27 -.035
466 6 1597 1591 3 43 -.035
467 13 1804 1791 4 00 -.042
468 16 1566 1548 3 10 -.050
469 26 1612 1506 3 12 -.032
470 60 1814 1754 2 56 -.065
471 100 1832 1732 9 59* -.085
36 1621 1585 -.090
81 1859 1778
09 1627 1618
6713
472 00 1534 1534 5 16 -.064
70 1735 1665
3199
473 40 1723 1683 5 00 -.063
38 1569 1531
3214
474 85 1718 1633 4 42 -.09067 1731 1664
3297 *Watch
Sheet No. 29.
-.009 + .003 + .002 Oo• oo•
OrHO•1 + .002 + .003 .000 .000
1 • O + .003 + .003 .00 .00
1 • O to o + .003 + .004 .00 .00
-.023 + .004 + .004 -.001 -.001
-.028 + .006 + .007 -.001 -.001
-.035
-.032
+ .009 
+ .009
+ .010 
+ .010
-.001
.000
.000
-.001
-.047 + .007 + .014 -.001 -.001
-.051 + .010 + .015 .000 .000
o0 •1 + .011 + .019 .00 -.003
-.072 + .011 + .020 .00 -.003
-.083 + .012 + .026 -.002 -.003
-.097 + .016 + .026 + .001 -.002
-.120 +. 017 + .040 + .003 -.002
-.123
-.120
+ .020 
+ .030
+ .040 
+ .030
.000
.000
.000
.000
torH•1 + .020 + .032 .000 -.002
-.140 + .021 + .040 +.005 -.004
totorH•1 + .021 + .050 +.003 -.003
gained 1 sec. per min.
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TABLE 6 (cont* d . ) OBSERVATIONS.
Part 3, 6-in . Series O rifice 4.02 in . diam.
Ofcs. Wt. Water in Lb 8- Time Gage Reading ;in f t .Ho. In it. Final Net No .1 
Water
No. 2 
Water
No. 3 
Water
No. 4
Water
No. 5 
Water
No. 6 
Water
475 09
65
1533
1770
1524
1705
4m32s -.085
-.085
-.170
-.165
+ .022 
+ .026
+ .048 
+ .050
.000 
+ .003
-.003
-.002
476 76
92
1783
1542
1707
1450
3157
3 56 -.110 -.210 + .035 + .064 .000 -.003
477 17
04
1745
1548
1728
1544
3272
3 41 -.145 -.250 + .040 + .078 + .002 -.005
478 60
100
26
1903
1882
1804
1843
1782
1778
5403
5 45 -.140 -.270 + .040 + .070 + .001 -.003
479 95
83
40
89
1559
1325
1480
1802
1464
1242
1440
1713
5 45 -.190 -.290 + .048 + .090 + .002 -.001
480 81
56 16701790
1589
1734
332S
3 28 -.168 -.290 + .044 + .085 + .003 -.003
481 07
86
1594
1742
1589
1656
3245
3 17 -.183 -.312 + .050 + .082 .000 -.006
482 37
43
1790
1545
1753
1502
3255
3 24 -.170 -.320 + .048 + .087 + .002 -.003
483 8
72
1568
1841
1560
1769
3329
3 10 -.190 -.332 + .055 + .099 .000 -.007
484 85
43
1835
1581 17501538
3288
3 00 -.223 -.381 + .061 + .102 .000 -.007
Sheet No. 30.
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TABLE 6 (Court ’ d. ) OBSERVATIONS.
Part 3, 6-in series O rifice 4.02 in. diam.
6b s. Wt.Water in Lbs. Time Gage Reading in f t .
No. In it. Pinal Net No. 1 No.2 No.3 No.4 No.5 No.6
Water Water Water Water Water Water
485 45 1706 1661 4m18s *-.245 -.405 +.060 +.110 +.002 -.007
75 1981 1906
80 1423 1343
4910
486 20 1807 1787 2 55 -.246 -.420 +.062 +.117 .00 -.007
85 1660 1575
3332
487 51 1582 1531 2 47 -.248 -.428 +.066 +.121 .00 -.007
81 1810 1729
*3230
488 82 1765 1683 2 46 -.253 -.440 +.068 +.127 .00 -.008
46 1615 1569
3252
489 53 1560 1507 2 40 -.278 -.472 +.067 +.122 +.002 -.005
38 1789 1751
3258
490 23 1673 1650 2 30§ -.293 -.492 +.078 +.134 .000 -.007
20 1566 1546
3196 -
491 82 1593 1511
33 1768 1735
3233
2 23 -.343 -.580 +.089 +.152 +.003 -.006
492 61 1799 1738 2 22 * -.390 -.610 +.080 +.180 .000 -.005
04 1604 1600
3338
493 74 1870 1796 2 18 -.360 -.650 +.100 +.185 +.005 -.010
09 1625 1616
3412
494 71 1752 1681 2 I l f -.381 -.654 +.103 +.168 +.005 -.010
65 1561 1496
3177
495 36 1657 1621 2 07 -.468 -.802 +.128 +.208 +.005 -.006
22 1775 1753
3374
* Watch gained 1 sec. per min.
Sheet No. 31-
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TABLE 6 (Cont’ d.) OBSERVATIONS.
Part 3, 6-in . series O rifice 4.02 in. diam.
Obs. Wt.Water in LBs. Time Gage Reading in ft .
No. Init . Pinal Net No. 1 No. 2 No. 3 No.4 No. 5 No.6
Water Water Water Water Water Water
496 80 1778 1698 lm48is -.515 -.925 + .138 + .250 + .004 -.009
64 1547 1483
3l8T
0
497 53 1905 1852 1 59- -.515 -.925 + .138 + .250 + .004 -.009
54 1614 1560
3412
0
498 80 1870 1790 1 38| .5 -.677 -■1.235 + .175 + .318 + .010 -.012
O rifice {J.01 ini. diam.
499 03 1142 1139 4 01 .000 -.010 + .010 .000 .000 .000
500 61 1511 1450 4 00 -.004 -.013 +.009 + .005 . .000 .000
-.001 -.012 + .006 + .003
501 34 1665 1631 4 00 -.006 -.022 + .010 + .002 .000 .000-.006 -.025 + .013 + .001 .000 .000
502 39 1552 1513 5 12 -.024 -.042 + .012 + .004 .000 .00055 1774 1719
3232
503 42 1840 1798 2 38 -.024 -.050 + .008 + .005 .000 -.00142 1904 1862
3660
2 45
504 34 1836 1802 4 54 -.019 -.050 + .015 + .004 .000 -.00197 1541 1444
3246
505 94 1594 1500 4 13 -.030 -.055 + .025 + .003 .000 .00048 1763 1715
z Z T 5
506 70 1759 1689 3 37 -.033 -.076 + .036 + .009 .000 -.00367 1580 1513
3202
507 30 1525 1495 4 49 -.037 -.105 + .042 + .018 .000 .00076 1982 1906
78 1699 1621
5022
Sheet No. 32

Part 3, 6
TABLE 6 (cont’ d. 
-in . series
) OBSERVATIONS.
O rifice 5.01 in . diam.
65
06 s« 
No.
Wt. Water in LBs. Time Gage Reading in f t .
Init . Pinal Net No .1
Water
No.2 No.3 No.4 
Water Water Water
No. 5 
Water
No. 6 
Water
518 32 1630 1598 2m13s - .100 -.210 +.100 +.030 -.005 - .01092 1984 1892
3490
519 91 1915 1824 2 15 .070 -.220 +.100 +.030 -.005 - .010
51 1613 1562
338^
520 47 1888 1841 2 12 .090 -.210 +.110 +.030 -.006 +.01033 1624 1591
3432
521 51 1584 1533 2 08 .100 -.230 +.110 +.030 -.005 - .00981 1877 1796
3329
522 58 1867 1809 1 51 .110 -.230 +.110 +.035 -.010 - .01038 1275 1237
3046
523 43 1758 1715 2 05 .110 -.240 +.110 +.032 -.008 - .01055 1574 1519
3234
524 44 1846 1802 1 51 .150 -.250 +.145 +.055 -.010 - .01074 1585 1511
3313
525 62 1561 1499 1 55 .120 -.258 +.110 +.030 -.010 - .01000 1729 1729
3228
526 11 1609 1598 1 51 .140 -.280 +.120 +.040 -.010 - .015101 1786 1685
3283
527 65 1855 1790 1 38 .170 -.320 +.170 +.055 -.010 - .01653 1556 1503
3239
528 32 1868 1836 1 38 .168 -.320 +.165 +.058 -.008 - .01871 1547 1476
3312
529 78 1897 1819 1 37 .185 -.325 +.175 +.065 •-.010 - .01898 1561 1463
3262 . .. -Sheet. JHuM.
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TABLE 6 (Cont'd. ) OBSERVATIONS.
Part 4, 6-in . Series Orifice0.75 in. diam.
Obs.Wt .Water in Lbs. Time Gage Reading in f t .
No. Init.P inal Net No.l No.2 No.3 No.4 No.6 No.6 No. 7
Merc. Merc. Water Water Water Water Water
530
531
15
20
745
538
730
518
. s6 14 
4 06
-.338
-.391
-.343
-.398
-rOOl
.000
+ .080 
+ .10
.000 
+ .002
+ .002 
+ .001
-.001
-.002
532 36 1843 1807 13 48 -.430
-.426
-.433
-.430
-.004
.000
+ .115 
+ .100
+ .005 
+ .004
+ .001 
+ .001
-.002
-.002
533 32 1567 1535 10 14 -.548 -.557 .000 + .12 + .001 + .002 -.003
534 14 1363 1349 8 59 -.545 -.553 .000 + .14 + .003 + .002 -.006
535 538 1796 1258 7 40 -.650 -.671 .00 + .18 + .003 + .002 .000
536 35 790 755 4 07 -.810 -.836 .00 + .21 + .005 + .002 .000
537 794 1946 1152 5 41 -1.000 -1.013 .00 + .27 + .003 .000 .000
538 34 1487 1453 6 11 -1.365 -1.398 -.005 + .34 + .010 + .001 -.001
539 06 1831 1825 6 30 -1.952 -1.975 -.020 + .48 + .02 .00 .000
540 22 1838 1816 5 00 -3.300 -3.373 -.048 + .79 + .03 + .003 .000
O rifice 1.00 in. diam.
541 97 1656 1559 7 03 -.391 -.403 -.01 + .15 + .01 + .001 .000
542 50 1580 1530 6 00 -.522 -.535 -.01 + .17 + .01 .000 .000
543 42 1542 1500 5 19 -.730 -.753 -.015 + .30 + .016 + .001 .000
544 69 1832 1763 5 05 -.970 1.005 -.020 + .42 + .016 + .001 .000
546 58 1675 1617 4 14 1.172 1.220 -.04 + .49 + .03 .000 .000
547 19 1773 1754 4 00 -1.555 -1.607 -.04 +. 64 + .05 .000 .000
548 60 1794 1734 3 32 -1.923 -1.968 -.04 + .82 + .06 .000 .000
549 18 1880 1862 3 15 -2.665 -2.755 -.07 +1.125 + .08 .000 • 000
550 40 1772 1732 2 42' -3.324 -3.411 -.06 +1.380 + .12 .000 .000
Sheet No. 35
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TABLE 6 (Cont * d.) OB SERVATION S.
Part 4, 6-in . Series O rifice 1.49 :in. diam.
Obs.Wt..Water in Lbs. Time "Gage Reading in f t .
no. Init.P inal Net No.1 No.2 No. 3 No.4 No.5 No. 6 No. 7
Merc. Merc. Water Water Water Water Water
551 31 1825 1794 3ra32s -.395' -.415 -.012 +.475 +.015 .000 + .004
552 57 1893 1836 3 04 -.545 -.588 -.028 +.525 +.040 .000 .000
553 26 1784 1758 2 34 -.745 -.000 -.032 +.700 +.050 .000 .000
554 18 1882 1864 2 13 -1.085 -1.164 -.040 +.970 +.090 .000 .000
555 01 1765 1764 3 18 -1.425 -1.545 -.060+1.330 +.100 -.005 -.005
47 1490 1443
3207
556 25 1546 1521 2 57 -1.850 -2.020 -.090 41.750 .000 -.010
66 1808 1742
3263
557 01 1808 1807 2 35 -2.44 -2.608
13 1458 1445
3252
- O rifice 2.00 in. diam.
558 66 1800 1734 3 36 -.360 -.408 -.01 +.60 +.03 .000 -.005
97 1597 1500
3234
559 71 1704 1633 2 49 -.515 -.593 -.02 +.87 +.10 r • 005 -.01
90 1470 1380
301.5
560 89 1812 1723 2 31 -.695 -.795 -.01 +1.15 +.15 -.005 -. 0258 1490 1432
3155
561 20 1550 1530 2 21 -.870 -.990 -.025 +1.41 +.14 -.005 -.02
77 1853 1776
3306
562 02 1833 1831 1 53*g“-1.300 -1.494
51 1457 1406
3237
-1.485
Sheet No. 36
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TABLE 6 (Cont'd.) OBSERVATIONS.
Part 4, 6-in Series O rifice 2.50 in. diam.
Obs.Wt.Water in Tbs. " Time 
No. In it. Final Net
_______Gage Reading in f t .
No'. 1 No.2 No.3 No.4 No.5 No.6 No.7 
Merc. Merc. Water Water Water WaterWater
563 50 1711 1661 2m18s -.347
98 1795 1697 -.350
3358
564 12 1887 1875 1 45.4 -.575
54 1503 1449
3324
565 67 1496 1429 1 37.8 -.595
48 1743 1695 -.595
3124
428 +.030 +.900 +.009 -.010 -.035 
.437
-.705 +.035 +1.490 +.101 -.010 -.040
.740
725
Sheet No. 37
69
TABLE 6 (Cont'd.) OBSERVATIONS.
Part 5, 6--in Series O rifice 2.00 in. diam
Obs. Tank Gage Time Gage Reading
No. In it . Final Net No. 1 
Mercury
No. 2 
Mercury
566 2.470 7.693 3m20s -3.37 -3.86
567 3.277 7.741 3 20 -2.50
-2.82
-2.79
O rifice 2.50 in.diam.
568 1.742 6.500 13 305
-0.98
-0.97
-1.20
-1.18
569 3.289 9.340 3 25 5
-1.63
-1.65
- 2.00
- 2.02
570 2.982 9.422
42 425
-2.90
-2.94
-3.60
-3.65
O rifice 3.00 in.diam.
571 2.342 6.805 3 20 -0.39 -0.515
572 2.927 7.870 3 0{)i 0 -0.59
-0.785
-0.80
573 2.841 8.877 3 00 -0.88
-1.18
-1.20
574 2.712 9.320 2 30
-1.92
-1.52
-2.05
-2.05
575 2.179 9.404 2 13| 5 -2.30
-3.07
-3.11
Wt. Water in Lbs, O rifice 4.02 in .d ia
576 736 1269 533 3 04 Water-0.003
7/ater
-0.010
577 12 736 724 3 22 -0.006 -0.015-0.016
578 1107 1940 833 3 00 -0.014
-0.024
-0.025
579 16 1107 1091 3 12 -0.017 -0.036
580 824 1427 603 1 30 -0.024 -0.048
Sheet No. 38.
Part 5,
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TABLE 6 (Cont'd.) OBSERVATIONS.
6-in. Series O rifice 4.02 in.diam.
Obs. 
Ho.
Wt.Water in lbs. Time Gage Reading
In it . Final Net No .1 
Water
No. 2 
Water
581 44 824 780 _ni s 2 00 -0.025 -0.045
582 46 1409 1363 3 00 -0.030 -0.064
583 53 1543 1490 3 01 -0.040 -0.085
-0.098
584 99 1805 1706 3 00 -0.055 -0.100
585 24 1669 1645 S 2o| -0.085 -0.145
586 82 1846 1764 2 00 -0.137 -0.230
587 32 1749 1717 -0.185 -0.315
Tank Gage
-0.46
588 2.297 6.900 6 32 -0.275 -0.46
-0.70
589 2.837 7.158 5 01 -0.405 -0.70
-0.825
590 2.253 7.040 5 06 -0.49 -0.83
-0.93
591 3.561 7.166 3 35 -0.55 -0.97
592 2.655 6.771 3 17 -0.85 rl.49
2 -1.52 -2.59593 2.520 8.025 3 20£ -1.48 -2.52
-2.27 -3.88
594 2.653 9.405 3 20 -2.26 -3.87
Mercury
2 -3.44 -0.472595 2.348 9.560 2 52g -3.47 -0.474
Mercury
3 -0.805596 2.390 9.390 2 07£ -0.474 -0.820
Sheet; Ho. 39 •
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TABLE 6 ( Cont'd.) OBSERVATIONS.
Part 5, 6-in Series O rifice 5.01 in.diam.
/ o ^  \  ;
Obs. Tank Gage Time Gage Reading
No. Ini t . Final Net No .1 
Mercury
No. 2 
Mercury
597 1.995 9.390
m ps 
1 52- -0.682 -1.16
598 1.830 9.455 1 27g -1.18 -2.05
599 2.012 9.372 1 265
-1.13
-1.14
-1.96 
-1.97 ,
Wt. Water in Lbs. Water Water ^
600 16 1066 1050 3 21 -0.010
601 34 1247 1213 3 00 -0.003
-0.016
-0.014
602 59 1709 1650 3 00 -0.008 -0.024
603 48 1762 1714 2 is| 
0
-0.017
-0.015 -0.042
604 14 1951 1937 2 13^ 5 -0.022
-0.060
-0.061
605 0 1915 1915 -0.035 -0.082
Tank Gage
606 2.607 7.248 6 17 -0.068 -0.132
607 2.898 7.177 4 47
-0.090
-0.088
-0.200
-0.196
608 2.755 7.265 3 41
-0.170
-0.171
-0.375
-0.378
609 3.000 7.938 3 20 -0.266
-0.565
-0.558
610 2.788 8.843 3 20 -0.38
-0.810
-0.845
611 2.693 8.960 3 00 -0.51
'-1.08
-1.09
Sheet No. 40
TABLE 6 (Cont'd.) OBSERVATIONS.
Part 5, 6-in . Series O rifice 5.01 in.diam.
Ohs. Tank Gage____  Time _______ Gage Reading
No. In it. Final Net No.l No.2
Water Water
612 2.750 8.970 2m30S -0.73
-1.41
-1.61
613 2.674 8.966 2 00 -1.17
-2.50
-2.51
614 2.839 9.379 1 44 -1.68 -3.63-3.67
615 2.487 9.302 1 24^ -2.61
M e r c . 
-0 .45o 
-0.475
616 2.228 9.336
O
21 07^
M erc .
-0.35
-0.80 
-0.78
Sheet No. 41
TABLE 6 (Cont'd.) OBSERVATIONS.
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Part 6, 12-in. Series O rifice 1.50 in.diam.
Obs. Wt.Water in Lbs. Time Gage Reading in Ft.
No. In it. Pinal Net No. 1 
Water
No.2 No.3 No/4 No.5 No.6 
Water Water Water Water V/ater
613a 001 225 224 m s 10 00 -.011 -.011 .000 .000 .000 .000
614a 225 435 210 8 20 -. 013 -.013 .000 .000 .000 .000
615 a 435 633 198 6 40 -.017 -.018 4.001 .000 .000 .000
616 a 633 838 205 6 00 -.021 -.022 +.001 .000 .000 .000
617 838 1047 209 5 39 -.028 -.029 +.001 .000 .000 .000
618 1047 1263 216 5 00 -.036 -.036 .000 .000 .000 .000
619 1263 1465 202 .4 21 - .042 -.044 +.001 .000 .000 .000
620 1465 1668 203 4 01 - .050 -.052 +.001 .000 .000 .000
621 1668 1876 208 3 35 -.067 -.067 .000 .000 .000 .000
622 81 339 258 4 00 -.079 -.080 .000 +.002 .000 .000
623 339 715 376 5 32 -.090 -.092 .000 +.001 .000 .000
624 715 1057 342 4 00 -.112 -.113 -.001 .000 .000 +.001
625 1057 1357 300 4 01 -.135 -.135 .000 .000 .000 .000
626 1357 1729 372 4 00 -.176 -.176 .000 .000 -.001 +.001
627 97 444 347 3 19 -.216 -.216 .000 +.001 .000 .000
628 444 836 392 3 19 -.274 -.277 .000 +.002 .000 .000
629 836 1284 448 3 20
-.349
-.352
-.353
-.353 .000 +.005 .000 .000
630 1284 1781 497 3 20 -.428 -.437 .000 + .008 .000 .000
>1
631 36 553 517 3 11 -.516 -.523 +.001 + .010 .000 .000
632 553 1138 585 3 11 -.663 -.675 .000 + .011 .000 .000
633 1161 1757 596 3 00 -.773 -.790 .000 +.019 .000 .000
634 26 676 650 3 00 -.915 -.940 .000 + .020 + .003 .000
Sheet No. 42.
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TABLE 6 fCont'd.) OBSERVATIONS.
Part 6, 12-in. Series O rifice 1.50 in.diam.
Obs. Wt.Water in Lbs. Time Gage Reading in Ft.
No. In it. Final Net No.l No.2 No.3 No.4 No.5 No.6
________ Water Water Water Water Water Water
m s3 04 -1.12 -1.14635 676 1406 730
636 15 845 830
637 845 1885 1040
638 75 1587 1512
639 38 1580 1542
640 18 1743 1725
641 19 1673 1654
642 55 1734 1679
643 32 1934 1902
644 83 1870 1787
645 43 1802 1759
3 1530 1527
3286
646 35 1755 1720
43 1541 1498
3218
647 91 1891 1800
20 1767 ' 1747
648 51 1558 1507
3224
57 1793 1736
649 86 1460 1374
3lTo
37 1881 1844
650 75 1629 1554
2 59 -1.50 -1.53
3 22 -1.86 -1.91
4 20 -2.39 -2.44
4 00 -2.97 -3.04
Mercury Mercur
4 00 -.290 -.295
3 20 -.380 -.388
3 00 -. 490 -.500
3 00
-.620
-.630
-.635
-.640
2 35 -.758 -.770
4 19 -.910 -.925
3 35 -1.26 -1.29
1 43§ 1 M C» OD -1.715
2 46jT -2.16 -2.21
2 18 -2.87 -2.93
2 25 -3.29 -3.34
Sheet No . 43.
.002 +.024 +. 005 .000
.000 +.030 .000 .000
.000 +.040 .000 .000
.000 +.050 +. 003 .000
.000 +.060 +. 00 5 .000
.000 +.073 +.005 .000
-.005 +.100 +.007 .000
-.006 +.118 + .010 .000
-.010 +.150 +.015 .000
-.012 + .180 +.012 .000
-.012 + .230 +.014 -.002
-.015 + .32 +.022 -.001
-.020 + .44 + .030 .000
-.035 + .53 + .035 .000
-.045 + .71 + .060 -.001
-.050 + .80 + .060 .000
Part 6 ,
TABLE 6 (Cont'd.) 
12-in. Series
OBSERVATIONS.
O rifice 2.00 in.diam.
Ohs.
No.
Wt.Water in lbs. Time Gage Reading in Ft.
In it . Pinal Net No .1 
Water
No. 2 
Water
No.3 No.4 
Water Water
No. 5 
Water
No. 6 
Water
651 54 278 224 „II1 S 6 00 -.009 -.010 .000 .000 .000 .000
652 278 519 241 5 00 -.012 -.013 .000 .000 .000 .000
653 519 725 206 4 00 -.016 -.018 .000 +.001 .000 .000
654 725 948 223 4 30 -.017 -.017 .000 +.001 .000 .000
655 948 1206 258 4 00 -.026 -.028 +.001 .000 .000 .000
656 1206 1452 246 3 08jj -.037 -.040 +.001 +.001 .000 .000
657 1452 1739 287 3 00 -.056 -.060 +.001 +.002 .000 .000
658 56 329 273 2 25 -.076 -.081 +.001 +.002 .000 .000
659 329 585 256 2 00 -.097 -.103 + .002 +.003 + .001 .000
660 585 870 285 1 59 -.124 -.131 +.001 +.005 .000 .000
661 870 1224 354 2 07 -.174 -.182 + .001 +.006 + .001 .000
662 1224 1674 450 2 24 -.214 -.220 +.002 +.006 .000 .000
663 46 893 847 4 02 -.369 -.383 +.001 +.010 + .002 .000
664 893 2070 1177 3 57 -.480 -.495 .000 +.013 + .001 .000
665 80 696 616 1 54 -.638 -.660 .000 +.020 + .001 .000
666 696 1685 989 2 41 g - .813 -.848 .000 +.032 +.002 .000
667 133 1080 947 2 08* -1.18 -1.22 .000 +.04 +.002 .000
668 60 1393 1333 2 29§ -1.74 -1.80 .000 +.07 +.001 .000
669 09 1584 1575 32 37^ -2.16 -2.25 .000 +.08 +.006 .000
670 44 1575 1531 2 is| -2.81 -2.95 .000 +.11 + .01 .000
Mercury Mercury
671 100 1585 1485 1 48§ -.324 -.335 .000 +.15 + .01 .000
672 86 1576 1490 1 54| 5 -.440 -.456 .00 +.21 + .01
.000
Sheet No. 44.
13JLart 6,
TABLE 6 fCont'd.) OBSERVATIONS.
12-in Series O rifice 2.00
76
in. diam.
Obs.
No.
Wt.Water in Lbs. Time Gage Reading in Ft.
In it . Final Net No .1 No.2 No.3 No.4 No.5 
Mercury Mercury Water 'Water Water
No. 6 
Water
no q -.608 -.630 + .27673 59 1611 1552 1 23 --.610 -.628 .000 + .28 + .02 .000
674 32 1818 1786 1 22 -.818 -.852 + .02 + .35 + .03 .000
675 38 1855 1817 1 125 -1.08 -1.12 + .03 + .48 + .04
676 21 1849 1828 1 051 -1.35 -1.40 + .04 + .57 + .04
677 27 1655 1628 1 -1.88 -1.95
15 1788 1773 1 4 2 % -1.92 -2.01 + .07 + .85 + .08
3401
678 08 1629 1621 1 22^ -2.75 -2.87 +.12 +1.18 + .10
70 1691 1621
3242
Tank Gage
679 1.118 7.028 3 50 -3.61 -3.74
Wt .■Water- in Lbs. O rifice 3.00 in. diam.
7/ater Water
680 64 448 384 4 05 -.010 -.010 .00 .00 .00 .00
681 448 800 352 3 20 -.013 -.014 .00 .00 .00 .00
682 800 1212 412 3 21 -.019 -.019 .00 .00 .00 .00
683 1212 1703 491 3 21 -.025 -.026 .00 .00 .00 .00
684 79 506 427 3 00 -.034 -.034 .00 .00 .00 .00
685 506 1075 569 3 00 -.042 -.043 .00 + .001 .00 .00
686 1075 1705 630 3 01 .-.051 -.053 .00 + .002 .00 .00
687 53 747 694 3 00 -.061 -.065 .00 + .003 .00 .00
688 747 1519 . 772 2 58 -.078 -.082 + .001 + .003 .00 .00
689 48 943 895 2 59 -.103 -.110 +. 001 + .005 .00 .00
690 943 1862 919 2 39l -.134 -.146 + .001 -. 009 .00 .00
Sheet No . 45.
TABLE 
Part 6, 12-in.
6 (Cont 
Serie s
' d. ) OBSERVATIONS.
O rifice 3.00 in. diam
77
Obs.
No.
Wt.Water in Lbs. Time Gage Reading in Ft.
In it. Final Net No .1 
Water
No. 2 
Water
No. 3 
Water
No. 4 
Water
No.5 No.6 
Water Water
691 83 :1375 1292 „ni s 3 20 -.168 -.182 .000 + .015 + .002 .000
692 47 :1540 1493 3 20 -.230 -.250 + .001 + .017 .000 .000
693 77 :1832 1755 3 20 -.316 -.340 -.001 + .020 + .004 .000
694 54 1715 1661 2 40 -.440 ::I I8 .000 + .040 + .000 .000
695 100 '1972 1872 2 37 -.583 -.630 - .005 + .050 + .005 .000
696 8i :1949 1868 2 -.740 -.820 .000 + .070 + .005 .000
Tank Gage
-1.10 -1.19 -- .005 + .090 + .009 .000
697 1.075 7.085 10 48 -1.09 -1.18 .000 + .085 + .010 .000
698 2.990 7.035 6 11 -1.55 -1.66 -.008 + .115 + .010 .000
699 2.834 7.182 5 18f -2.35 -2.52 -.010 + .185 + .013 .000
700 2.984 7.320 4 -2.89 -3.12 -.01 + .230 + .020 .000
Mercury Mercury
701 3.030 7.475 4 24l -.284 -.305 -.02 + .30 + .025 .000
702 2.900 7.905 4 171i T -.382 -.410 -.04 + .39 + .025 .000
703 2.650 7.567 3 40 -.510 -.550 -.04 + .49 + .043 .000
704 2.688 8.454 3 46 2" -.655 -.715 -.03 + .65 + .060 .000
705 2.323 7.436 2 56| -.850 -.920 -.08 + .83 + .085 .000
706 2.585 9.295 3 29 -1.09 -1.200 -.06 +1.01 + .09 .000
1 -1.33 -1.43707 2.836 7.995 2 215 -1.35 -1.44 -.07 +1.25 + .16 .000
-1.88 -2.02
708 1.028 8.080 2 43 -1.89 -2.03 -.10 + .17 .000
709 1.164 8.220 2 28§ -2.28 -2.46 -.15 + .23 .000
710 1.216 8.408 2 09| -5.11 -3.15 -.20 + .30 .000
Sheet No. 46 •
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TABLE 6 (Cont'd.) OBSERVATIONS.
Part 6, 12-in. Series O rifice 4.00 in. diam.
o¥s7 Wi.Water in Lbs. Time Gage Reading in Ft.
No. In it. Pinal Net No .1 
Water
No. 2 
Water
NO. 3 
Water
No. 4 
Water
No. 5 
Water
NO. 6 
Water
711 05 535 530 3
Q -j S
46"2 -.008 -.010 + .001 + .001 .000 .000
712 559 967 408 2 16 -.010 -.014 + .001 + .002 .000 .000
713 967 1455 488 2 17 -.016 -.020 + .001 + .002 .000 .000
714 1503 2016 513 1 259£ -.023 -.030 + .002 + .003 .000 .000
715 49 783 734 2 l l i0 -. 036 -.043 + .002 + .005 .000 .000
716 783 1727 944 2 88r - .048 -.056 + .001 + .007 .000 .000
717 80 1072 992 2 24 - .058 -.068 + .001 + .008 .000 .000
718 64 1181 1117 2 on231S -.067 -.082 +.001 + .009 .000 .000
719 35 1340 1305 2 18 -.109 -.122 +.002 + .011 .000 .000
720 67 1542 1475 2
4 -.150 -.172 +.001 + .020 .000 .000
721 12 1590 1578 2 055^ -.198 -.225 .000 +.028 +.003 .000
722 22 1769 1747 2 -.236 -.270 .000 +.030 +.004 .000
723 57 1957 1900 1 -.306 -.348 .000 + .042 +.005 .000
724
Tank Reading 
1.690 7.662 7 37
-.398
-.393
-.450
-.442 .000
+.054
+.052 .000 .000
725 3.024 7.258 6 12 -.493 -.578 .000 +.08Q +.003 .000
726 2.745 6.987 6 58 -.400 -.454 .000 +.055 .000 .000
727 2.431 7.152 6 36
-. 550 
-.533
-.620
-.614 . 000 +.075 .000 .000
728 2.748 7.057 5 20
-.685 
- .685
-.790
-.807 .000
+.100
+.105
.000 
. 000
+.005
+.005
729 2.827 7.053 4 32
-.92 - 
-.92 -
•1.06
•1.07
.000
.000
+.125
+.125
+.010 
+ .010
.000 
. 000
730 2.980 7.370 4 04 -
•1.22 - 
1.24 -
1.43 
1.47 .000 + 18 +.020 .000
Sheet No. 47
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TABLE 6 ( Gont *d.) OBSERVATIONS.
Part 6, 12-in Series O rifice 4.00 in.diam #
Obs. Tank Gage Time Gage Reading in Ft.
No. In ii. Pinal Met No .1 
Water
No.2 No.3 No.4 
Water <<ater Water V
No.5 No.6 
Jater Water
731 3.260 7.095 3m07s -1.60 -1.84 .00 + .23 + .02 .000
732 2.878 7.300 3 06 -2.16 -2.52 +.02 + .31 + .02 .000
Mercury Mercury
733 2.681 8.210 3 22 -.234 -.269 .00 + .40 + .03 .000
734 2.405 7.700 3 07 -.246 -.286 +.02 + .43 + .04 - .001
735 2.723 8.135 2 45t
-.325
-.330
-.380
-.372 +.01 + .55 + .04 - .002
736 2.743 8.400 2 37 -.400 -.458 +.02 + .70 + .04 - .003
737 2.579 9.000 2 37 -.503 -.581 +.01 + .97 + .06 - .003
736 2.477 9.070 2 24 -.640 -.731 -.02+ 1 .10 + .09 - .004
739 2.170 9.290 2 16jj
-. 815 
-.830
-.940
-.940 -.03 + .11 - .006
740 2.372 9.803 2 07 -1.05 -1.19
741 2.360 9.190 1 44 -1.31 -1.60 -.10 + .23 - .015
742 2.170 8.936 1 19 -2.22 -2.59 -.30 + .37 - .020
Wt. Water in Lbs. O rifice 5.00 in. diam.
Water Water
743 05 589 584 2 20 -.009 -.010 .000 .000 .000 .000
744 589 1248 659 2 14i -.012 -.013 +.001 +.001 .000 .000
745 1248 1937 689 2 11 -.014 -.016 +.001 +.001 .000 .000 '
746 91 877 786 2 155 -.018 -.020 +.001 +.002 .000 .000
747 877 1725 848 2 10 -.021 -.025 +.001 +.002 .000 .000
748 54 1045 991 2 145 -.026 -.031 +.002 + .002 .000 .000
749 84 1105 1021 2 °4 -.033 -.040 +.003 +.003 .000 .000
Sheet No . 48.
Part 6,
TABLE 6. (Cont'd.) 
12-in, Series
OBSERVATIONS.
, O rifice 5. 00 in. diam.
80
Obs.
No.
Wt.Water in Lbs. Time Gage Beading in Pt.
In it . Pinal Net No.1 No.2 No.3 No.4 No.5 No.6 
Water Water Water YYater Water Y/ater
750 85 1289 1204
m is 2 10§ -.040 -.049 +.002 +. 005 +.001 .000
751 42 1308 1256 2 10 -.052 -.063 +.001 +.008 +.001 .000
752 73 1650 1577 2 11 -.070 -.083 +.002 +.010 .000 .000
753 95 1772 1677 2 06| - .063 -.100 +. 003 +.013 .000 .000
754 15 1957 1942 2 04 -.109 -.136 +.006 +.020 .000 .000
755 74 1686 1612 -.126 -.156 + .006 + .028 .000 .000
35 834 799 2 24
24TT
756 64 1819 1755 -.159 -.199 +.007 + .034 .000 .000
34 1169 1135 2 35
2890
757 69 1871 1802 A -.205 -.250 + .007 + .040 .000 .00072 1471 1399 2 30f
3201
758 99 2002 1903 3 -.256 $.320 + .012 + .055 + .001 .000
96 1442 1346 2 16f
324§
Tank Gage
759 2.998 7.216 4 38 -.320 -.405 + .012 + .073 + .003 .000
760 3.241 7.238 3 53 -.410 -.510 + .020 + .081 + .007 .000
761 3.229 7.236 3 27tt -.520 -.650 + .020 + .100 + .010 .000
762 3.201 7.141 2 55j|r -.71 -.89 + .04 + .15 + .01 -.001
763 3.006 7.281 3 00| -.78 -.98 + .04 + .17 + .01 -. 002
764 3.157 7.592 2 47§ 5 -.98 -.122 + .03 + .21 + .02 -.002
765 3.028 7.509 2 34 -1.16 -1.45 + .04 + .24 + .02 -.002
766 2.760 8.073 2 32iV -1.72 -2.14 + .04 + .38 + .02 -.004
Sheet NO. 49. i
TABLE 6 (Cont'd.) OBSERVATIONS.
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Part 6, 12-in. Series O rifice 5.00 in.diam.
Obs. Tank Gage Time Gage Reading in Ft.
No. In it . Pinal Net No .1 Water
No.2 No.3 No.4 
Water Water Water
No. 5 
Water
No. 6 
Water
767 2.787 7.766 m is  2 12+ -1.97 -2.46 +.03 +.41 +.03 -.004
768 2.108 7.999 2 27§
-2.52
-2.51
-3.10
-3.20 +.05 +.51 + .04 -.006
Mercury Mercury
769 2.650 8.313 2 03 -.238 -.298 +.11 +.65 + .04 -.004
770 2.806 9.466 2 Ol| -.342 -.420 +.05 +.88 + .06 -.006
771 1.390 9.395 2 09§ -.441 -.540 +.05 +1.13 + .05 -.007
772 1.120 9.458 1 46^ -.703 -.855
773 1.470 9.525 1 4 l i
-.71
-.72
-.88
-.89
Wt.Water in lbs . O rifice 6.00 in.diam.
Water Water
774 13 737 724 1 59§ -.008 -.010 .000 .000 .000 .000
775 737 1729 992 2 11 -.012 -.013 +.001 +.001 .000 .000
776 39 1209 1170 2 22§ -.016 -.019 +.001 +.002 .000 .000
777 71 1296 1225 2 06§ -.019 -.024 +.002 +.002 .000 .000
778 49 1646 1597 2 00 -.037 -.049 +.004 +.009 .00 0 .000
779 73 1931 1858 1 58§ -.051 -.066 +.005 +.012 + .001 .000
780 45
43
1812 1767 
1465 1422 
3153
2 57 -. 066 -.084 +.008 +.016 .000 .000
781 40
58
1846 1806 
1221 1163 
2969
2 19 -.093 -.121 +.011 +.024 .000 .000
782 67
55
1891 1824 
1582 1527
2 25 -.107 -.140 +.010 +.027 +.001
Sheet No. 50.
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TABLE 6 ( Cont •d.) OBSERVATIOHS.
Part 6 , 12-in. Series O rifice 6.00 in. diarcL*
Ohs. ' Tank Gage Time Gage Reading in Ft
Ho. In it. Pinal Het Ho. 1 Water
Ho.2 Ho.3 Ho.4 Ho.5 Ho.6 
Water Water Water Water Water
783 2.750 7.069
m is4 53| -.137 -.179 + .018 + .037 +.002 .000
784 2.981 7.178 3 53
-.197
-.200
-.270
-.260 + .023 + .055 +.002 .000
785 3.090 7.105 4 3l| -.137 -.183 + .012 + .033 +.002 .000
786 2.975 7.869 3 48§ -.279 -.370 + .020 + .083 + .004
787 2.930 8.285 3 37 - .374 -.497 + .020 + .110 + .008
788 3.073 8.601 3 14 -.49 -.66 + .03 + .14 +.0Q8 -. 002
789 2.637 8.026
22 48g -.62 -.82 .000 + >19 +.010 -. 003
790 2.616 7.480 2 14 -.31 -1.06 + .23 +.015 -.,003
791 2.341 7.418 2 02g -1.05 -1.40 + .32 +.020 - .003
792 1.495 7.926 2 13| -1.41 -1.89 + .07 + .41 +.025 - .004
793 1.513 7.810 1
-1.87
-1.84
-2.47
-2.46 + .09 + .53 +.030 - .005
Mercury Mercury
794 0.948 8.400 1 59
-.185
-.195
-.250
-.255 + .10 +.64 + .05 - .008
795 1.565 7.682 1 18
-.295
-.305
-.395
-.41 + .14 +1.03 + .07 - .010
796 1.160 8.610 41 265 -.360 -.495 + .22 + .08 - .015
797 1.250 9.218 1
-.410
-.430
-.550
-.580 + .21 + .15 - .015
798 1.400 8.415 1 12 -.515 -.710 + .30 + .11 - .020
799 1.082 9.578 1 19§ -.55 -.74 + .35 + .12 - .030
Sheet Ho. 51.
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TABLE 6 (Gont •a.) OBSERVATIONS
Part 6, 12-in Series O rifice 8. 00 in. diam.
Obs. Wt.Water in lbs. Time Gage Reading in Ft.
No. In it. Pinal Net No .1 No.2 No. 3 No.4 No.5 No. 6Water Water Water Water Water Water
800 64 1507 1443
u2 s02 -.005 -.010 +.005 .00 .00 .00
1 -.009 -.016 +.005
801 63 1834 1771 2 022 -.009 -.015 +.006 .00 .00 .00
802 23 1741 1718 3 55 -.008 -.014 +.005 .00 .00 .00
20 1547 1527
3245
33 1718 1888
803 39 1541 1502
3187
3 20 -.011 -.018 +.007 .00 .00 .00
53 1740 1687 I
804 72 1582 1510 2 56~ -.014 -.024 + .009 +.002 .00 .00
3T97 C
78 1548 1470 -.015 -.029 + .008 + .003
805 79 1757 1678
3145
2 42 -.017 -.030 +.009 +.004 .00 .00
Tank Gage
022806 3.016 7.000 5 -.024 -.040 + .013 +.004 .00 .00
807 3.096 7.133 4 24 -.030 -.050 + .015 +.008 .00 .00l -.036 -.015
808 3.186 7.160 4 oil -.038 -.063 -.018 +.010 .00 .00
809 1.412 7'. 070 4 -.049 -.085 -.020 +.012 +.003 -.001
810 2.831 7.062 3 -.073 -.110 -.025 + .015 +.003 -.001
-.094 -.145
811 2.748 7.188 2 4 -.098 -.152 + .042 +.025 +.004 -.004
812 2.641 7.393 2 -.130 -.200 + .055 +.030 .000 -.005
813 2.907 7.601 2 lb i2 -.160
-.250 + .070 +.030 .000 - .005
-.210 -.32 + .08 +.06 .000 -.006
814 2.553 8.464 2 32±5 -.215 -.35 + .08 +.06 .000 -.007
Sheet No . 52.
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TABLE 6 (Cont'd.) OBSERVATIONS.
Part 6, 12-in. Series O rifice 8.00 in.diam.
jobs. Tank Gage
No. In it. Final Net
Time ____________Gage Reading in Ft.________
No.1 No.2 No.3 No.4 No.5 N o .6
Water Water Water Water Y/ater Water
m s -.27 
2 05f -.28
-.44 +.11
-.43
+.06 .000 -.006
815 2.852 8.340
816 2.500 8.822
817 2.316 9.165
818 2.281 9.090
819 2.430 9.172
820 1.996 9.021
821 1.942 9.581
822 1.260 9.360
823 3.040 8.120
824 3.230 7.220
825. 3.084 7.410
826 3.152 7.077
827 3.016 7.341
828 3.288 7.270
829 3.049 7.258
830 2.996 7.252
831 3.112 7.913
832 2.641 7.732
833 2.491 7.486
834 2.526 7.902
835 2.470 8.160
2 09~ -.31 -.53
2 OLt -.42 -.705
1 42 -.55 -.97
1 37 -.62 -1.10
1 31 -.78 -1.38
-.95 -1.651 28 -1.00 -1.75
1
1 312 -1.10 -1.78
5 13 -.003 -.011
4 04 -.004 -.014
3 12 -.011 -.028
3 38 -.007 -.017
3 25 -.007 -.020
3 00 -.010 -.023
2 57 -.014 -.028
2 44ij -.015 -.032
2 51 -.018 -.036
2 51 -.020 -.045
2 47§ -.021 -.049
2 47 -.021 -.052
2 42 -.025 -.062
Sheet No. 53
+ .12 + .07 .000 -.007
+ .15 + .09 .000 -.010
+ .18 + .13 .000 -.010
+ .29 + .15 .000 -.015
+ .29 + .20 -.012
+ .35 + .28 .000 -.015
+ .43 + .40 + .35 + .40 + .02 -.02
+ .43 + .38 -.02
Orifice oooH in. iiam.
+ .008 .000 .000 .000
+.010 + .002 .000 .000
+ .018 +.002 .000 .000
+ .012 + .002 .000 -.001
+.012 + .001 .000 -.002
+.014 + .001 .000 -.002
+.015 + .001 -.001 -.002
+.018 .000 .000 -.003
+ .022 .000 .000 -.003
+ .026 + .001 + .001 -.003
+.025 +.002 .000 -.003
+ .030 + .003 -.001 -.004
+ .040 + .003 .000 -.004
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TA3LE 6 (Coat'd. ) OBSERVATIONS.
Part 6, 12-in. Series. O rifice :10.00 in. diam.
Obs. Tank Gage Time Gage Reading in Ft.
Wo. Init Final Wet Wo .1 
Water
Wo. 2 
Water
Wo. 3 
Water
Wo. 4 
Water
HO. 5 
Water
Wo. 6 
Water
836 2.375 8.686
in s 
2 32| -.030 -.070 + .040 + .006 .000 -.005
837 2.448 8.795 2 10 -.050 -.110 + .05 + .025 -.002 -.005
838 2.610 8.753 2 23g -.036 -.087 + .05 + .015 .000 -.005
839 2.467 8.418 1 4 4 -.05 -.14 + .07 + .03 + .002 -.008
840 2.346 8.380 1 57| -.07 -.17 + .10 + .03 .000 -.008
841 2.189 8.741 -.08 -.20 + .09 + .04 -.001 -.009
842 2.266 9.262 41 5QTj -.09 -.235 + .11 + .05 + .002 -.010
843 1.946 8.960 1 36 -.14
-.260
-.280 + .20
+ .11 
+ .09 -.012
844 1.967 9.236 152 ! -.14 -.27 + .14 + .04 -.004 -.012
845 1.847 9.300 1 47 -.08 -.30 + .17 + .04 -.004 -.017
846 1.236 9.520 1 48| -.10 -.34 + .20 + .06 -.005 -.020
847 1.153 9.345 1 40
-.16
-.15
-.41
-.40 + .22 + .07 -.006 -.022
848 1.200 9.244 1 32 -.17 -.45 + .26 + .06 -.007 -.023
849 1.461 9.500 1 26| 0 -.19 -.51 + .30 + .06 -.008 -.025
850 1.205 9.128 1 Ell -.22 -.56 + .33 + .07 -.009 -.030
Sheet Wo. 54
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practice when the rapidly fluctuating pressure accompanying large 
discharges made accurate reading d iff ic u lt  or when the discharge 
measurement extended over a considerable period and there was l ik e ­
lihood of an appreciable change in the water level in the stand 
pipe, these observations are grouped together opposite one observa­
tion number- For Part 4 in a twelfth column are recorded the ob­
servations on Gage 7. It should be borne in mind that for this 
part Gage 1 connected Sections 1 and 7.
Part 1,4-in . Series♦- These observations were made 
during the fa l l  and v/inter of 1914. The error of reading Gages 1 
and 2 was small, except for the 2.66-in. and 3.33-in. o r if ice s .
The error of the readings of the other gages was relatively  great, 
especially for Gages 3 and 4, owing to rapid fluctuations of the 
water columns. All gages v/ere throttled to overcome these flu ctu ­
ations as much as possible. Not as much attention was paia to 
centering the o r ifice  plates as in later experiments, owing to the 
d ifficu lty  of exactly lining up the two parts of the test piece, 
and to the small flange bolts v/hich have been before mentioned.
Part 2, 4- in . Series. - These observations were taken 
during the winter of 1915 to extend the range of the experiments 
to higher v e lo c itie s  with the larger o r if ice s , and also to obtain 
more reliable data for the lower v e locities  with the 3.33-in. o r i ­
f ic e . Particular care was taken in centering the o r ifice s  and in 
throttling the gages, and piezometer tubes at the top and bottom 
of each section were siamesed to the gage hose. Only Gages 1 and 
2 were observed.
Par  ^ 3,. 6- in . Series. - These observations were taken 
during the summer of 1914. Observations 513-529 of the 5-in . set
67.
and a ll  the observations of the 4-in . set were taken with the p iez­
ometer tubes inserted in the upper side of the pipe, without 
throttling the gages, and with no special attention paid to center­
ing the o r ifice s . The observations indicate that the errors of 
observing were large. The remainder of the observations were taken 
with the piezometer tubes inserted in the bottom of the pipe and 
with gages throttled.
Part 4, 6- in . S eries.- The same apparatus was used as in 
Part 3, except that mercury was substituted for water in Gages 1 and 
2, and Gage 7 was installed. The observations include the higher 
v e locities  with o r ifice s  from 0.75 to 2.50 in. in diameter. The 
observations were made during the summer of 1914,when the observers 
had had the experience of Part 3, and they are essentially a con­
tinuation of those of Part 3.
Part 5, 6- in ♦ S eries.- These observations were taken in 
the early part of 1916 for the purpose of extending the range of the 
experiments to include higher ve locities  with o r ifice s  from 2 in. to 
5 in. in diameter, and also to obtain more reliable data than those 
of the 4-in. and 5-in . sets o f  Part 3. The o r ifice s  were centered 
with care and the piezometer tubes in the top and bottom of the pipe 
at each section were siamesed to the gage hose. The observations 
of this part correspond to those of Part 2, 4 -ia . Series.
Part 6_, 12-in . Series. - These observations were taken 
during the early part of 1915. With the larger o r ifice s  and high 
v e lo c itie s , owing to the surges caused by the rapid action of the 
pump, the gage readings are very uncertain, more especially the 
readings of Gages 3 and 4. Piezometer tubes were inserted at the 
top and bottom of Sections 1, 2, and 6, but not at the tops of
88 .
the remaining sections. Care was observed in throttling the gages 
and in centering the o r ifice s .
General Remark a. - By an examination of the data of Table 
6, i t  w ill be seen that the readings of Gages 1 and 2 are large com­
pared with the readings of other gages- It w ill also be noted that 
for a given discharge the loss in head between Sections 1 and 2 
(Gage 2) is  greater than the loss in head between Section 1 and the 
section farthest from the o r if ice  (Gage 1), the relative amount of 
the difference evidently remaining somewhere near constant for any 
one set of observations, but varying greatly between sets. For 
each series, the smaller the o r if ic e , the less the relative d if fe r ­
ence between the two gage readings.
A study of the corresponding sets of the three series 
(Part8 1, 3, 4, and 6) w ill show that for a given reading of Gage 1 
or 2 there is  a general agreement between the three corresponding 
readings of Gage 3, Gage 4, e tc ., the sim ilarity between corres­
ponding readings becoming less marked as the ratio of the diameter 
of pipe to diameter of o r if ice  decreases. The readings of Gages 
3, 4 5 ,  and 6 are small compared with the readings of Gages 1 and 
2; and i t  is  obvious that the percentage of uncertainty of reading 
increases as the values decrease. Attention is  called to the fact 
that in Part 1 the distance from the o r if ice  to Section 3 does not 
bear the same relation to the diameter of the pipe that do the cor­
responding distances of Parts 3, 4, and 6, (see Table 2, page 5) and 
therefore the readings of Gages 3 and 4 for  Part 1 may not be 
directly  compared with the readings of corresponding gages for the 
other parts just mentioned; but rough interpolations may readily be 
made to reduce the readings of these gages to what might have been
89.
expected had the plan of increasing the distance between correspond­
ing sections as the diameter of the pipe was increased been consiste 
ly  carried out.
For the plan of spacing used in Parts 3, 4, and 6, a more 
detailed scrutiny of the readings of corresponding sets and of the 
readings of Gages 3 , 4 , 5  and 6 throughout the three series .w ill be 
helpful in determining the behavior of the jet after leaving the 
o r i f i c e .
The readings of Gage 3 indicate that, for a ratio of dia­
meter of pipe to o r ifice  of 3 or greater, there is very l i t t l e  
change in pressure head between Sections 2 and 3 (with a slight 
tendency towards a decrease), but that as j  becomes smaller than 3 
the readings indicate a comparatively large increase in pressure 
head between Sections 2 and 3, until with | = f  approximately 4/5 
of the entire increase takes place between these sections.
The readings of Gage 4 shew that for ^ : 8 practica lly  all
the increase in pressure head occurs between Sections 3 and 4, the
Dreadings of Gages 5 and 6 being very small and uncertain. As 
is  decreased to 4, while Gage 4 indicates that nearly a ll the in ­
crease in pressiire head occurs between Sections 3 and 4, there is  
evidently a small increase between Sections 4 and 5 as indicated 
by the readings o f Gage 5. The relative amount of the latter in ­
crease in pressure head increases as ^ decreases and becomes a 
maximum when -k is somewhere near i-i, being about 1/10 that occurrir 
between Sections 3 and 4. As ^ decreased from —^  , the readings 
of both Gage 4 and Gage 5 decrease until when ^ ^ the reading of 
Gage 4 is  about 1/4 that of Gage 3 and the reading of Gage 5 is  
practica lly  zero.
m -
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Gage 6 indicates that for a ll sizes of o r ifice  conditions 
of uniform flow in the pipe are established before the jet reaches 
Section 5.
Although in this thesis fxirther use w ill not be made of 
the readings of Gages 3-5, i t  is worth noting that they are indica­
tive of the manner in which the je t  expands after leaving the o r i ­
f ic e . It seems probable that with the smaller o r ifice s  of each 
series there is a contraction of the jet after leaving the o r if ic e  
as would be the case in the open air and that the jet is  practica lly  
cylindrical for some distance beyond the contracted section. Both 
from the data here shown and from other observations that w ill be 
treated la ter, it  appears that with the larger o r if ice s , probably 
due to the relatively  high velocity  of approach, the je t , after 
passing through the o r if ic e , almost immediately begins to expand 
and the contraction is consequently much less. The readings of 
Gages 3-5 are here included with the thought that they may be of 
value in a more detailed study of the action o f flow through sub:-., 
merged o r if ice s , and also to make i t  clear that for various sizes 
of o r ifice s  the most consistent difference in pressure head is  to 
be obtained between Section 1 and a section just beyond the o r if ic e , 
such as Section 2, or between Section 1 and a section far enough 
beyond the o r ifice  to insure there being steady flow with any size 
of o r if ic e , such as Section 6. The relation  between difference in 
pressure head and discharge being equally simple, the former d i f ­
ference should form the most satisfactory basis for determining 
the relation  by which,with any size of o r if ice  the rate of flow in 
the pipe may be determined; for i t  is clear that there w ill be no
losses due to pipe fr ic t io n  between Sections 1 and 2, and since 
Gages 1 and 2 may be read with equal accuracy and the reading o f 
Gage 2 is always the greater, the percentage of error of reading 
w ill be smaller.
The following chapter, Chapter IV, w ill be devoted to 
developing the relation  between the loss in pressure head indicated 
by the readings of Gage 2 and the rate of discharge or velocity  of 
flow in pipe. And in Chapter V attempt w ill be made to show the 
relation between the total loss in head caused by the o r if ic e , (the 
readings of Gage 1 less fr ic t io n  in pipe between the sections to 
which Gage 1 is  connected) and the velocity  of flow in pipe. For 
convenience the readings of Gage 2 w ill hereafter be designated as 
apparent lost heads, and the readings of Gage 1 corrected for pipe 
fr ic t io n  w ill be known as actual lost heads.
Pipe F riction .- To determine the fr ic t io n  in pipe with­
out or ifice , observations were taken on Gage 1 with the test pieces 
of Parts 1, 4, and 6. Although for a given discharge the pipe 
fr ic t io n  is  not lik e ly  to be the same with an o r ifice  in place 
(owing to there not being uniform flow within the length considered) 
the difference w ill not be large; and since the determined values 
of the pipe fr ic t io n  are to be used to reduce the readings of 
Gage 1, which readings are rela tively  large, to terms of actual los1 
head occasioned by the o r if ic e , small errors w ill be of no conse­
quence .
The observations are recorded in Table 7. For Parts 1
and 4. the volumes were determined by weight, the in it ia l , fin a l,
and net weights being shown in the f ir s t  three columns following
the observation numbers. The fourth, f i f th ,  and sixth columns
(Continued on page 95)_______ ___________________
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TABLE 7. PIPE FBICTION.
4 -in. Series , Part 1. Length 4 '-  4 3/4”
Obs. Wt.Water in Lbs. Time Gage Gu.ft.
No. In it . Final Het Ho .1 Sec. 1
1 16 318 302 m s 2 00 -0.001 0.04025
2 318 700 382 2 00 -0.002 0.0509
3 700 1265 565 2 00 -0.003 0.0755
4 1265 1902 637 2 00 -0.004 0.0849
5 78 998 920 2 00 -0.005 0.1228
6 87 1731 1644 0 46| b -0.063 0.564
7 47 1739 1692
71 1522 1451
3l43
1 SO -0.052 0.560
8 29 1804 1775 173 1547 1474 1 3£~ -0.055 0.564
3249 b
9 92 1752 1660
1 35±46 1561 1515 -0.055 0.533
3l7F 5
10 77 1494 1417
57 1551 1494
2911
2 38 -0.020 0.295
11 47 1885 1838
74 1534 1460
329$
2 19 -0.037 0.380
12 44 1767 1723 p78 1492 1414
3137
1 59f -0.031 0.420
13 79 1735 1656
*
74 1539 1465
$121
1 40 -0.040 0.500
Sheet Ho. 1.
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TABLE 7 (Cont'd.) PIPE FRICTION
6-in. Series, Part 4. Length 111 - 10 3/4"
Obs. Wt.Water in Lbs. Time Gage Cu.f t .
No. In it. Final Net No .1 Sec.
14 06 1037 1031 m s 5 58 -0.001 0.0461
15 56 1526 1470 4 45 -0.002 0.0826
16 52 157Q 1518 4 39 -0.003 0.0871
17 48 1524 1476 3 28 -0.005 0.114
18 88 1518 1430 4 14 -0.004 0.0901
19 78 1545 1467 2 28 -0.010 0.159
20 66 1526 1460 3 02 -0.008 0.128
21 55 1548 1493 2 05j -0.015 0.190
22 68 1750 1682 1 BlJ -0.020 0.242
23 62 1892 1830 31 315 -0.025 0.320
24 40 1790 1750 1 08i -0.040 0.411
25 54 1794 1740 1 02^ 5 -0.050 0.446
26 38 1744 1706 0 57^ -0.070 0.477
27 24 1758 1734 0 52 -0.072 0.534
28 61 1823 1762 0 54 -0.070 0.523
29 70 1780 1710 0 57f -0.065 0.473
12-in. Series , Part 6. Length 11 ’ - 0 1/4"
Obs. Tank Gage Uubic Feet
No. In it. Final Init . Final Net Time1 Gage No.l Gu.ft.See.
30 2.246 7.645 34.4 183.3 m is148.9 3 18| -0. 003 0.752
31 3.068 7.801 57.1 187.6 130.5 2 Olf -0. 006 1.07
32 2.768 8.733 48.7 213.2 164.5 1 24 -0.025 1.96
33 2.515 9.202 41.8 226.2 184.4 1 “0.030 2.44
Sheet No. 2.
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Pipe Friction Curves.FIG. 10
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show respectively the time of discharge, the pipe fr ic t io n  over the 
length indicated at the head of the table, and the computed rate of 
discharge in cu. f t .  per sec. (62.5 lb . - 1 cu. f t . ) .  In Part 6 
the volume was determined by displacement in the large measuring 
tank for which the calibration curves are shown in Pig. 9, page 26. 
In the f ir s t  two columns following the observation numbers are re ­
corded the in it ia l and final readings of the tank gage, and in the 
following two columns are shown the corresponding volumes in cu. f t .  
as determined from the curves of Pig. 9. The f if th  column gives 
the discharges in cu. f t .
In Pig. 10, to a logarithmic scale, are plotted the data 
of Table 7, pipe fr ic t io n  being plotted against discharge. The 
observations of Parts 4 and 6 are indicated by small c ir c le s ; the 
observations of Part 1, by crosses. Through the mean values, curves 
are drawn which are numbered as are the parts of the tests. Curve 
Mo. 3 for Part 3 is obtained by taking one-half the ordinates of 
Curve Mo. 4.
Actual and Apparent Lost Heads.-  For the observations of 
Table 6, page 32, the necessary reductions and corrections are made 
for determining the actual and apparent lost heads and rates of 
discharge for the three series. These values are recorded in Table 
8 in a similar manner to the observations of Table 6. For each 
observation where the volume was determined by weight the net weigh”: 
is  shown; for each observation where the volume was determined by 
displacement, the in it ia l and final volumes determined by Fig. 9, 
page 26) corresponding to the in it ia l and fina l readings of the 
gage of the large measuring tank are recorded. The column headed
(Continued on page 118)
Part
TABLE 8. ACTUAL 
1, 4 -in . Series
AND APPARENT LOST : 
O rifice 0
96
HEALS.
.497 in. diam.
Obs. Net Cor. Lost Head Cu. Et.
No. Wt. Time Ac • ______  App .’ ' " Sec .
11 205 75m00 0.0105 0.0105 0.000730
12 254 63 05 0.025 0.025 0.00107
13 210 41 20 0.039 0.040 0.00135
14 295 49 00 0.055 0.056 0.00161
15 216 30 30 0.077 0.078 0.00189
16 317 37 35 0.107 0.112 0.00225
17 200 21 10 0.151 0.152 0.00252
18 272 25 26 0.193 0.197 0.00286
19 285 25 42 0.165 0.169 0.00296
20 195 16 03 0.250 0.255 0.00324
21 597 48 00 0.195 0.200 0-00332
22 201 15 59 0-239 0.246 0-00336
23 270 19 20 0.309 0.312 0.00372
24 375 23 27 0.310 0.317 0.00427
25 499 30 21 0.397 0.405 0.00439
26 446 25 01 0.456 0.465 0.00476
27 249 13 15 0.516 0.528 0.00501
28 505 24 00 0.620 0.632 0.00561
29 275 12 12 0.715 0.730 0.00601
30 256 11 00 0.625 0.845 0.00620
31 406 16 00 0.935 0.950 0.00677
32 430 15 00 1.09 1.11 0.00765
33 384 13 00 1.41 1.44 0.00788
34 207 6 00 1.70 1.74 0.00919
35 310 8 00 2.23 2.27 0.0103
36 265 6 00 3.00 3.05 0.0118
37 313 6 00 4.400 4.475 0.0138
38 263 4 31 5-38 5.50 0.0155
39 531 8 06 6.15 6.28 0-0175
40 445 6 00 7.59 7.75 0.0196
41 786 10 11 9.39 9.56 0.0206
42 673 8 00 10.6 10.8 0.0224
43 677 7 19 12.0 12.2 0.0247
44 305 3 00 16.3 16.6 0.0271
45 557 4 41 20.8 21.1 0.0317
46 460 3 29 26.4 26.9 0.0353
47 772 5 14 32.9 33.6 0.0393
48 473 3 00 37.7 38.4 0.0421
49 536 3 00 49.1 50.1 0.0477
50 530 3 00 49.2 50-2 0.0471
O rifice 0. 67 in. diam.
51 434 101 41 0.008 0.0085 0.00114
52 319 64.00 0.0105 0.012 0.00133
53 262 43 40 0.0165 0.0165 0.00160
54 339 48 45 0.0215 0.022 0-00185
Sheet No . 1.
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TABLE 8 . (Gontr 
, 4-in . Series
d.) ACTUAL AHD APPARENT LOST
O rifice
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HEADS.
0.67 in.diam.
oEFT Het Cor. Lost Head Cu.ft.
Ho. Wt. Time Act. App. Sec.
55 257 30m40S 0.0275 0.0285 0.00206
56 242 26 00 0.0375 0.0385 0.00248
57 545 35 19 0.0445 0.046 0.00260
58 504 27 00 0.0595 0.0615 0.00300
59 275 23 09 0.067 0.069 0.00317
60 290 21 00 0.089 0.091 0.00368
61 509 21 06 0.098 0.102 0.00391
62 550 21 27 0.115 0.120 0.00421
65 578 31 54 0.155 0.160 0.00483
64 480 23 21 0.202 0.209 0.00548
65 596 17 25 0.237 0.245 0.00606
66 480 19 20 0.273 0.290 0.00662
67 277 9 54 0.348 0.365 0.00747
68 407 11 24 0.572 0.595 0.00951
69 424 11 37 0.440 0.459 0.00975
70 447 10 55 0.740 0.767 0.0109
71 580 12 42 0.930 0.965 0.0122
72 505 10 00 1.17 1.22 0.0135
75 891 15 12 1.56 1.615 0.0156
74 1415 20 51 2.035 2.100 0.0181
75 857 11 16 2.69 2.78 0.0203
76 468 5 18 3.57 3.71 0.0236
77 189 2 00 3.89 4.03 0.0252
78 221 2 10 4.70 4.88 0.0272
79 224 2 00 5.48 5.67 0.0299
80 249 2 00 6.99 7; 25 0.0332
81 275 2 00 8.38 8.67 0.0367
82 515 2 00 10.3 10.6 0.0420
85 567 2 15 12.1 12.5 0.0435
84 588 2 00 16.5 17.0 0.0517
85 459 2 06 21.6 22.3 0.0584
86 511 2 05i 26.4 27.5 0.0652
87 549 2 00 33.8 35.0 0.0732
88 789 2 38 40.5 41.9 0.0842
89 995 3 09 45.4 47.0 0.0840
O rifice 1.00 in. diam.
90 110 11 00 0.010 0.0085 0.00267
91 98 9 19 0.010 0.0095 0.00280
92 95 8 20 0.0105 0.0105 0.00297
95 100 8 00 0.013 0.015 0.00333
94 179 11 59 0.0195 0.0195 0.00398
95 100 6 50 0.020 0.022 0.00390
96 159 9 GO 0.027 0.029 0.00471
Sheet Ho. 2.
Part
TABLE 8 (Coat'd.) ACTUAL AND 
1, 4-in. Series
98
APPARENT LOST HEADS.
O rifice 1.00 in. diam.
Ohs. Net Cor Lost Head Cu.ft.
Ho. Wt. Time Act. APP. Sec.
97 123 6 15 0.034 0.039 0.00525
98 102 4 30 0.047 0.050 0.00605
99 128 5 10 0.059 0.061 0.00661
100 139 5 00 0.073 0.076 0.00742
101 191 6 30 0.080 0.085 0.00784
102 304 9 00 0.102 0.110 0.00902
103 325 9 00 0.122 0.130 0.00964
104 520 13 00 0.154 0.166 0.0107
105 264 6 00 0.187 0.200 0.0117 „ \$>
106 265 5 00 0.253 0.272 0.0141 q vV
107 645 7 00 0.321 0.346 0.0246 *
108 312 5 00 0.405 0.439 0.0166
109 511 6 40 0.537 0.575 0.0205
110 523 6 20 0.632 0.680 0.0220
111 479 5 00 0.862 0.920 0.0256
112 562 5 00 1.140 1.221 0.0300
113 964 7. 10 1.694 1.815 0.0358
114 710 4 38 2. 21 2.32 0.0408
115 666 4 00 2.604 2.800 0.0444
116 672 3 29 3.44 3.70 0.0514
117 589 3 00 3.59 3.86 0.0523
118 701 3 26 3.91 4.14 0.0544
119 733 3 20 4.44 4.78 0.0587
120 913 3 50 5.28 5.65 0.0635
121 774 3 00 6.30 6.68 0.0688
122 649 2 30 6.15 6.62 0.0692
123 728 2 30 6.79 8.38 0.0777
124 754 2 30 8.38 9.01 0.0804
125 1015 3 05 10.1 11.1 0.0878
126 667 2 00 10.3 11.1 0.0890
127 1099 3 05^ 11.7 12.6 0.0949
128 1230 3 00 15.6 16.8 0.109
129 1370 3 00 19.8 21.4 0.122
130 1611 3 02i 26.6 28.8 0.141
131 1344 2 20 31.9 54.4 0.154
132 1350 2 00 42.3 45.8 0.180
O rifice 1.34 in. diam.
133 314 16 00 0.010 0.011 0.00523
134 299 14 00 0.013 0.014 0.00569
135 300 12 07 0.015 0.017 0.00661
136 686 22 36 0.024 0.027 0.00811
137 315 11 09 0.020 0.022 0.00754
Sheet No. 3.
TABLE 8. (Cont’ d . ) 
Part 1, 4-in Series*
ACTUAL AND
99
APPARENT LOST HEADS.
Orifice 1.34 in . diam.
Ob s * 
No*
Net
wt.
Cor.
Time
Lost Head 
Ac t . App .•
Cu.ft. 
Sec.
136 302 9m00s 0.0295 0.0335 0.00895
139 566 15 30 0.036 0.039 0.00974
140 671 18 00 0.038 0.042 0.00995
141 352 9 00 0.042 0.047 0.0104
142 661 14 30 0.057 0.063 0.0122
143 826 17 31 0.064 0.072 0.0126
144 392 7 15 0.075 0.085 0.0144
145 598 11 01 0.079 0.090 0.0145
146 312 5 13 0.097 0.110 0.0159
147 333 5 00 0.119 0.137 0.0178
148 390 5 00 0.165 0.190 0.0208
149 454 5 00 0.225 0.256 0.0242
150 424 4 00 0.300 0.348 0.0283
151 489 4 Oil 0.400 0.460 0.0325
152 453 3 20^ 0.496 0.573 0.0363
153 462 3 00 0.639 0.730 0.0411
154 499 3 00 0.744 0.660 0.0444
155 675 3 40 0.927 1.065 0.0491
156 699 3 20 1.19 1.37 0.0559
157 968 4 00 1.59 1.84 0.0646
158 800 3 00 1.94 2.23 0.0711
159 912 3 00 2.54 2.91 0.0811
160 1056 3 01 3.41 3.91 0.0935
161 1262 3 30 3.53 4.04 0.0962
162 997 2 31* 4.16 4.78 0.105163 1349 3 10* 4.92 5.11 0.114
164 1516 3 07. 6.47 7.37 0.130165 1063 1 59± 7.90 9.01 0.143166 1648 3 00^ 8.24 9.47 0.146167 1953 3 16 9.73 11.1 0.169168 1372 2 09 11.0 12.7 0.170169 1645 2 20 13.5 15.5 0.188
170 1618 2 00 17.9 20.8 0.216
171 1710 1 56 21.4 24.4 0.236
172 1767 1 46# 27.0 31,0 0.265173 1687 1 30° 35.0 40.1 0.300
O rifice ;1.67 in. diam.
17 3± 235 8 00 0.007 0.011 0.00784174^ 352 9 51 0.010 0.014 0.00953175 258 6 29 0.015 0.019 0.0106176 259 6 00 0.019 0.023 0.0115177 568 11 01 0.024 0.031 0.0138178 227 4 00 0.030 0.039 0.0151179 249 4 00 0.037 0.047 0.0166ISO 244 3 40 0.042 0.054 0.0178181 290 4 00 0.050 0.063 0.0193182 322 4 00 0.062 0.076 0.0215
Sheet No. 4.
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TABLE 8 (C on t * d. ) ACTUAL AND APPARENT LOST HEADS.
Part 1, 4-in . Series O rifice 1.67 in.
Ohs. Net Cor i Lost Head C u.ft.
No Wt. Time Act. ' ... Ann. Sec.
183 345 4m00,s 
4 14f 
4 00
0.073 0.088 0.0230
184 394 0.086 0.104 0.0247
185 414 0.105 0.127 0.0276
186 332 3 00 0.123 0.151 0.0295
187 447 3 4 l i 0.144 0.174 0.0323
188 534 4 002 0.172 0.213 0.0356
189 1076 7 00 0.229 0.283 0.0410
190 525 3 00, 0.293 0.360 0.0467
191 583 2 59—
3 00,
0.363 0.454 0.0519
192 660 0.460 0.585 0.0587
193 751 3 02i
3 00^
0.591 0.738 0.0658
194 839 0.760 0.950 0.0746
195 938 3 00 0.95 1.18 0.0834
196 977 2 45..
2 12f
1.22 1.52 0.0948
197 912 1.68 2.05 0.110
198 960 2 2.21 2.76 0.126
199 1515 2 40 3.17 3.95 0.1515
200 1739 3 00 3.26 4.00 0.155
201 1884 2 59i 3.86 4.76 0.168
202 1857 2 44^ 4.45 5.48 0.181203 1854 2 29^ 5.36 6.68 0.199
204 1852 2 15 6.56 8.07 0.219
205 1825 2 00 7.98 9.97 0.244
206 1821 1 46 10.1 12.7 0.276
207 3256 2 54^ 12.9 15.9 0.298
208 3373 2 35 16.66 20.6 0.348
209 3385 2 20 20.3 25.4 0.387
210 3129 2 00 23.7 29.5 0.417
O rifice 2.00 in.diam.
211 252 6 00 0.008 0.009 0.0112
212 301 6 00 0.011 0.013 0.0134
213 323 6 00 0.013 0.015 0.0144
214 284 5 00 0.013 0.018 0.0152
215 519 8 04 0.017 0.022 0.0172
216 246 3 20 0.020 0.026 0.0197
217 247 3 20 0.021 0.030 0.0197
218 683 8 10 0.030 0.039 0.0223
219 818 9 20 0.034 0.044 0.0234
220 578 6 00 0.040 0.052 0.0257
221 576 5 30 0.046 0.060 0.0279
Sheet Ho.5.
Part
TABLE 8 (Cont'd.) ACTUAL AND 
1, 4-in . Series
101
APPARENT LOST HEADS. 
O rifice 2.00 in. diam.
Obs. Net Cor. Lost Head C u.ft.
No. Wt. Time Act. i i £ Sec.
m s222 454 4 00 0.053 0.073 0.0303
2 2 5 374 3 00 0.063 0.085 0.0333
224 405 3 00 0.074 0.101 0.0360
225 454 3 00 0.093 0.127 0.0404
226 507 3 00 0.117 0.158 0.0451
227 536 3 00 0.132 0.180 0.0477
228 676 3 30 0.154 0.208 0.0515
229 1159 5 10 0.209 0.288 0.0599
230 779 3 00 0.273 0.380 0.0693
231 829 3 00 0.313 0.430 0.0737
232 870 3 00 0.353 0.485 0.0774
233 987 3 00 0.448 0.620 0.0877
234 1780 5 00 0.532 0.730 0.0950
235 1575 4 00 0.647 0.883 0.105
236 1706 4 00 0.786 1.07 0.114
237 1803 3 40 1.03 1.40 0.131
238 1794 3 15 1.279 1.75 0.147
239 1840 3 05 1.48 2.04 0.159
240 3254 4 31 2.00 2.74 0.192
241 3287 4 04 2.91 3.99 0.216
242 1716 2 00 3.14 4.19 0.229
243 3351 3 30 3.90 5.40 0.255
244 3296 3 00 5.07 6.94 0.293
245 3305 2 38 6.66 9.06 0.335
246 3396 2 23 8.54 11.7 0.380
247 3371 2 03 Vs 11.3 15.1 0.436
248 3228 1 47 13.9 18.9 0.481
O rifice 2.68 in. diam.
249 562 7 00 0.006 0.010 0.0214
250 566 6 22 0.008 0.012 0.0237
251 656 6 43 0.009 0.016 0.0260
252 697 5 39 0.013 0.021 0.0329
253 690 5 00 0.017 0.029 0.0369
254 850 5 00 0.019 0.036 0.0453
255 903 5 10 0.026 0.045 0.0466
* 256 779 4 00 0.029 0.054 0.0519
257 835 3 36 0.044 0.078 0.0618
258 904 3 39 0.049 0.09.2 0.0661
259 992 3 34 0.066 0.119 0.0742
260 1194 3 45 0.086 0.154 0.0849
261 1469 4 00 0.109 0.203 0.0978
262 1502 3 42 0.136 0.249 0.108
263 1703 3 48 0.167 0 308 0.U 9
Sheet No . 6.
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TABLE 8 (Cont'd.) ACTUAL ALL APPAREL T LOST HEADS.
Part 1, 4-in  Series Orifice 2.68 in. diam.
Obs. Let Cor. Lost Head Cu.ft.
Lo. Wt. Time Act. App. Sec.
264 2799 5 15 0.243 0.430 0.142
265 3221 5 15 0.313 0.562 0.164
266 3300 4 38 0.413 0.760 0.190
267 3229 3 54 0.563 1.035 0.221
268 3261 3 41 0.72 1.27 0.236
269 3326 3 09 0.92 1.68 0.282
270 3240 2 49 1.09 1.99 0.307
271 3172 2 24 1.47 2.65 0.352
272 3116 2 08 1.79 3.22 0.389
273 3152 1 55 2.26 4.15 0.437
274 3323 2 00 2.14 4.00 0.443
275 3391 1 41 3.08 5.51 0.537
O rifice 3i.33 in.diam.
276 658 5 01 0.004 0.006 0.0457
277 1087 5 10 0.006 0.010 0.0561
278 992 4 00 0.007 0.015 0.0661
279 1166 4 10 0.007 0.018 0.0747
280 971 2 59 0.013 0.024 0.0868
281 1494 4 30 0.015 0.028 0.0886
282 1477 4 00 0.015 0.032 0.0985
283 1796 4 35 0.020 0.038 0.104
284 1699 4 00 0.020 0.047 0.113
285 1835 4 04 0.024 0.055 0.120
286 2699 5 30 0.029 0.064 0.131
287 3249 6 14 0.030 0.068 0.139 >
288 2605 4 28 0.031 0.085 0.156 
0.178 ^289 3174 4 45 0.045 0.105
.290 3118 4 18 0.059 0.128 0.193 *
291 3236 3 52 0.068 0.166 0.223. 1
292 3147 3 27 0.078 0.202 0.244
0.276
0.310
293 3307 3 12 0.106 0.255
294 3225 2 46-k 0.134 0.325
295 3199 2 33 0.156 0.380 0.335
296 3250 3 50 0.078 0.175 0.226
297 3324 3 38 0.086 0.207 0.244 H.
298 3163 2 29 0.166 0.400 0.340
299 3183 2 07 0.238 0.550 0.401
0.473300 3243. 1 49J£ 0 .328 0.770
301 3232 1 33% 0.439 1.02 0.552
302 3209 1 32% 0.444 1.03 0.555
Sheet Lo. 7.
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TABLE 8 (Cont'd. ) ACTUAL AND APPARENT LOST HEADS.
Part 2, 4-in. series. O rifice 2.0C in. diam.
Ob’s.”
No.
Cubic Eeet Cor. Lost Head Cu.Bt. Sec.In i t . Final Net Time Act. App.
303 44.15 184.55 140.40 4m■06 s 20.8 28.2 0.571
304 53.30 209.07 155.77 3 52 28.1 38.4 0.671
305 6b.66 215.61 149.93 3 09 54.5 0.791
Orifice 2.68 in. di am.
306 60.55 205.61 145.06 4 19 4.10 7.18 0.559
307 44.59 206.84 162.25 4 04 5.72 10.1 O'. 666
308 58.71 223.34 164.63 3 38 7.27 12.9 0.755
309 59.54 220.00 160.46 2 49 11.4 20.0 0.948
310 64.00 219.85 155.85 2 20 15.4 27.4 1.11
311 50.76 223.76 173.00 2 16 %r 20.5 35.9 1.26
312 41.28 219.80 178.52 2 03%- 27.0 47.7 1.44
Net Wt. O rifice 3.33 in. diam.
313 550 3 11 0.010 0.0460
314 624 3 01 0.014 0.0552
315 692 2 29 3/s 0.027 0.0740
316 774 2 02 0.040 0.101
317 966 2 14#- 0.067 0.115
318 1750 3 16 fr 't 0.100 0.141
319 1716 2 38 0.153 0.174
320 1727 2 01*r 0.260 0.228
321 1831 1 45%- 0.390 0.278
Cubic Eeet
Iriit. Einal Net
322 55.20 156.10 100.90 4 49 0.651 0.349323 156.10 238.82 82.72 3 12 0.980 0.431324 57.81 166.11 108.30 3 21 1.53 0.539325 62.48 199.95 137.47 2 59 %- 3.06 0.767326 53.96 228.98 175.02 3 20 4.00 0.875327 40.80 223.53 182.73 2 47 *r 6.24 1.09328 51.09 227.97 176.88 2 00 11.3 1.47329 43.06 231.47 188.41 1 39 19.0 1.90330 49.98 197.30 147.32 3 47 1.06 2.33 0.649331 63.56 217.44 153.88 3 22% 1.48 3.15 0.759332 57.08 219.16 162.08 3 03 2.01 4.41 0.887333 22.70 213.10 190.40 3 08 2.55 5.61 1.01334 1.95 210.39 212.34 2 36 4.60 10.3 1.36335 2.26 212.03 209.77 2 51 3.76 8.38 1.23336 1.47 205.70 204.23 2 15 5.75 12.9 1.51337 5.56 211.90 206.34 1 54 8.16 18.1 1.81338 0.77 199.73 198.96 1 322/r 11.5 25.2 2.16
Sheet No. 8.
Part
TABLE 8. 
3, 6-in .
(Cont’ d . )ACTUAL AND 
Series.
APPARENT LOST 
O rifice 0.75
104
HEADS, 
in. diam.
Obs. Net Cor. Lost Head Cu.ft.
No. Wt. Time Act. APP. Sec.
339 153 m s 26 00 0.008 0.010 0.00157
340 185 24 10 0.016 0.019 0.00204
341 638 63 00 0.031 0.034 0.00270
342 351 30 00 0.039 0.044 0.00312
343 337 24 00 0.058 0.062 0.00375
344 322 19 00 0.086 0.090 0.00452
345 390 19 00 0.127 0.132 0.00548
346 440 17 00 0.202 0.210 0.00691
347 556 16 15 0.361 0.370 0.00914
348 360 9 00 0.489 0.498 0.0107
349 365 7 00 0.850 0.870 0.0139
350 311 5 00 1.19 1.21 0.0166
351 582 8 00 1.655 1.69 0.0194
352 639 7 00 2.58 2.63 0.0243
353 788 7 00 3.942 4.005 0.0300
O rifice 1.00 in. diam.
354 164 14 00 0.013 0.015 0.00313
355 167 11 00 0.020 0.022 0.00405
356 286 16 SO 0.029 0.032 0.00463
357 244 12 15 0.037 0.040 0.00532
358 503 20 30 0.058 0.061 0.00655
359 460 16 00 0.081 0.085 0.00767
360 440 12 00 0.135 0.138 0.00978
361 508 10 00 0.262 0.269 0.0136
362 576 9 00 0.408 0.423 0.0171
363 531 7 00 0.577 0.594 0.0202
364 534 6 00 0.798 0.820 0.0238
365 563 5 00 1.510 1.555 0.0300
366 491 5 00 0.965 1.00 0.0262
367 582 4 00 2.115 2.190 0.0338
368 704 4 00 3.28 3.40 0.0470
369 1466 7 30 3.80 3.95 0.0521
«■ O rifice 1.49 in. diam.
370 274 r 10 31 0.010 0.012 0.0070
371 253 8 00 0.017 0.019 0.0084
372 229 6 00 0.027 0.030 0.0102
373 303 6 27 0.040 0.044 0.0125
374 253 5 00 0.050 0.055 0.0135
375 295 5 00 0.065 0.070 0.0157
376 263 4 00 0.080 0.088 0.0175
377 369 5 08 0.100 0.108 0.0192
378 362 3 59 0.154 0.164 0.0242
379 397 4 00 0.186 0.203 0.0265'
380 365 3 00 0.277 0.300 0.0324
381 702 5 00 0.360 0.393 0.0374
Sheet Ho. y.
Part
TABLE 8. 
3, 6-in.
105
(Cont'd.) ACTUAL AND APPARENT LOST HEADS. 
Series. O rifice 1.49 in. diam.
Obs. Net Gor, lo st  Head Cu.ft.
No. wt. Time Act. Sec.
382 587 n o 4 00 0.400 0.430 0.0391
383 519 3 03 0.548 0.585 0.0454
384 803 4 06 0.738 0.795 0.0522
385 733 3 00 1.126 1.215 0.0652
386 896 3 04 1.63 1.760 0.0778
387 1509 4 37 2.03 2.173 0.0872
388 1081 3 00 2.49 2.67 0.0961
389 1585 4 00 3.02 3.28 0.106
390 1455 3 23 3.53 3.81 0.115
391 1728 3 45 4.08 4.39 0.123
O rifice 2. 00 in. diam.
392 411 9 00 0.008 0.012 0.0122
393 425 9 00 0.010 0.015 0.0126
394 439 7 00 0.018 0.023 0.0167
395 421 6 00 0.022 0.031 0.0187
396 406 5 00 0.034 0.042 0.0216
397 718 7 00 0.057 0.067 0.0274
398 468 4 00 0.073 0.089 0.0312
399 558 4 00 0.104 0.122 0.0372
400 657 4 00 0.146 0.172 0.0438
401 739 4 00 0.187 0.218 0.0492
402 825 4 00 0.221 0.270 0.0550
403 786 3 26 0.279 0.332 0.0611
404 848 3 20 0.349 0.414 0.0679
405 1444 5 17 0.410 0.476 0.0730
406 1523 4 52 0.542 0.625 0.0835
407 1499 4 14 0.693 0.800 0.0944
408 1733 4 24 0.868 1.005 0.105
409 1494 3 09 1.26 1 .4 5 / 0.126
410 2072 3 31 1.75 2.01-*- 05 -*• 0.157
411 1628 2 32 2.29 2.62 0.171
412 1462 2 07 2.69 3.08 0.184
413 3274 4 07 3.64 4.16 0.212
\_
O rifice 2.50 in. diam.
414 678 9 30 0.007 0.012 0.0190
415 513 6 00 0.012 0.019 0.0228
416 788 7 00 0.020 0.033 0.0300
417 858 6 00 0.038 0.050 0.0382
418 1027 6 00 0.059 0.076 0.0456
419 894 5 00 0.069 0.084 0.0476
420 1096 5 15 0.079 0.115 0.0556
421 944 4 00 0.107 0.141 0.0629
422 1376 5 00 0.147 0.200 0.0735
423 1254 4 00. 0.192 0.260 0.0837
Sheet No. 10.
Part
TABLE 8 
3, 6-in.
(Cont'd.) ACTUAL AMD 
Series
APPARENT LOST 
O rifice 2.
106
HEADS.
50 in.diam.
Obs. Het Cor. Lost Head Cu.ft.
Ho. Wt. Time Act. App....... Sec.
424 1720 5m00S 0.240 0.300 0.0918
425 1678 3 41 fr 0.425 0.530 0.121
426 1733 3 14 0 5$ 88 0.752 0.143
427 1635 3 00 0.604 0.745 0.145
428 1706 3 00^ 0.315 0.403 0.155
429 1661 2 48*/r 0.723 0.888 0.158
430 3354 4 54 0.959 1.19 0.182
431 3448 4 00 1.51 1.88 0.230
432 3455 3 26 2.08 2.58 0.268
433 3451 3 03 2.63 3.26 0.302
434 3420 2 40z/^ 3.35 4.18 0.541
O rifice 3.01 in. diam.
435 1243 11 45 0.007 0.012 0.0282
436 983 6 00 0.017 0.031 0.0437
437 979 5 00 0.027 0.048 0.0522
438 1119 5 00 0.035 0.061 0.0596
439 1209 5 00 0.047 0.075 0.0645
440 1385 5 00 0.062 0.101 0.0738
441 1743 5 00 0.098 0.155 0.0930
442 1632 4 00 0.143 0.200 0.109
443 1853 4 00 0.182 0.283 0.129
444 1881 3 22z/r 0.246 0.382 0.149
445 3244 5 07 0.335 0.480 0.169
446 3209 4 36 0.418 0.600 0.186
447 3330 4 00 0.602 0.840 0.222
448 3265 3 31 0.766 1.045 0.248
449 3239 3 10 0.908 1.240 0.273
450 3240 2 37^ 1 324 1.810 0.329
451 3261 2 21 1.68 2.31 0.370
452 3188 2 17 Vs- 1.66 2.27 0.370
453 3205 2 04 2.11 2.87 0.414
454 3169 1 57 2.17 3.00 0.432
455 3446 1 54 2.81 3.87 0.483
456 3290 1 4 4 ^ 2.97 4.06 0.503
O rifice 4.02 in. diam.
457 1514 10 00 0.003 0.009 0.0404
458 1707 10 15 0.003 0.010 0.0444
459 1017 5 48 0.007 0.014 0.0467
460 1060 5 20 0.010 0.020 0.0530
461 1551 8 19 0.012 0.023 0.0497
462 1709 6 00 0.015 0.028 0.0759
Sheet Mo. 11.
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TABLE 8 (Cont'd.) ACTUAL AND APPARENT LOST HEADS.
Part 5, 6-in . Series Orifice. 4.02 in. diam.
Obs.
No.
Net
Wt.
Cor. 
Time
Lost
Act.
Head Cu.ft 
Sec.
463 1603 5m15s 0.021 0.033 0.0815
464 1634 4 37 0.026 0.047 0.0944
465 1610 4 27 0.033 0.051 0.0965
466 1591 3 43 0.032 0 .060 0.114
467 1791 4 00 0.039 0.072 0.120
468 1548 3 10 0.047 0.083 0.130
469 1586 3 12 0.029 0.097 0.132
470 1754 2 56 0.060 0.120 0.159
471 6713 9 49 0.081 0.122 0.182
472 3199 5 16 0.059 0.135 0.162
473 3214 5 00 0 058 0.140 0.171
474 3297 4 42 0.084 0.163 0.187
475 3229 4 32 0.079 0.167 0.190
476 5157 3 56 0.102 0.210 0.214
477 3272 3 41 0.136 0.250 0.237
478 5403 5 45 0.130 0.270 0.251
479 5859 5 45 0.178 0.290 0.272
480 3323 3 28 0.158 0.290 0.256
481 3245 3 17 0.172 0.312 0.264
482 3255 3 24 0.160 0.320 0.255
483 3329 3 10 0.178 0.332 0.280
484 3288 3 00 0.210 0.381 0.292
485 4910 4 14 0.230 0.405 0.309
486 3362 2 55 0.232 0.420 0.308
487 3260 2 47 0.233 0.428 0.312
488 3252 2 46 0.238 0.440 0.313
489 3258 2 40 0.262 0.472 0.326
490 3196 2 302/r 0.276 0.492 0.340
491 3246 2 23 0.324 0.580 0.363
492 3338 2 20 0.370 0.610 0.381
493 3412 2 18 0.338 0.650 0.395
494 3177 2 ll'2r 0.360 0.654 0.386
495 3374 2 07 0.444 0.802 0.424
496 3181 1 48 Vs 0.488 0.925 0.470
497
498
3412 1 59 z/r 0.489 0.925 0.457
O rifice 5.01 in. diam
499 1139 4 01 0.000 0.010 0.0757
500 1450 4 00 0.001 0.013 0.0967
501 1631 4 00 0.003 0.023 0.109
502 3232 5 12 0.019 0.042 0.166
503 3660 5 23 0 018 0.050 0.181
Sheet No. 12.
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TABLE 8 (Cont'd.) ACTUAL AND APPARENT LOST HEADS.
Part 3, 6-in Series O rifice 5.01 in .d i
Ots. Net Cor . Lost Head. Cu.ft.
No. Wt. Time Act. APP- Sec.
504 3246 .m.. .s 4 54 0.013 0.050 0.177
505 3215 4 13 0.023 0.055 0.203
506 3202 3 37 0.024 0.076 0.236
507 5022 4 49 0.025 0.105 0.278
508 3146 2 43 0.038 0.125 0.309
509 3240 2 26 0.054 0.165 0.355
510 3186 2 12 0.061 0.190 0.386
511 3085 1 30 0.133 0.360 0.549
512 3138 1 32 2/s 0.134 0.360 0.543
513 3309 8 42 0.008 0.020 0.101
514 3378 4 06 0.012^ 0.060 0.220
515 5026 4 02 0.034 0.090 0.332
516 5039 4 39 0.043 0.110 0.289
517 3434 2 15 0.088 0.200 0.406
518 3490 2 18 0.078 0.210 0.404
519 3386 2 15 0.048 0.220 0.402
520 3432 2 12 0.066 0.210 0.416
521 3329 2 08 0.076 0.230 0.416
522 3046 1 51 0.084 0.230 0.439
523 3234 2 05 0.087 0.240 0.414
524 3313 1 51 0.120 0.250 0.477
525 3228 1 55 0.093 0.258 0.449
526 3283 1 51 0.110 0.280 0.473
527 3293 1 38 0.133 0.320 0.538
528 3312 1 38 0.131 0.320 0.541
529 3282 1 37 0.148 0.325 0.542
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TABLE 8 (Cont’ d.) ACTUAL AHD 
4, 6-in. Series.
APPAREHT LOST 
O rifice 0.75
109
HEADS, 
in.diam.
Obs. Het Cor. Lost Head C u .ft.
Ho. Wt. Time Act. ______________ Sec.
530 730 m s 6 14 4.26 4.32 0.0312
531 518 4 06 4.93 5.02 0.0337
532 1807 13 48 5.39 5.43 0.0349
533 1535 10 14 6.90 7.02 0.0400
534 1349 8 59 6.87 6.97 0.0400
535 1258 7 40 8.20 8.46 0.0437
536 755 4 07 10.20 10.52 0.0489
537 1152 5 41 12.60 12.76 0.0541
530 1453 6 11 17.20 17.62 0.0627
539 1825 6 30 24.60 24.90 0.0749
540 1816 5 00 41.6 42.5 0.0969
O rifice 1.00 in. diam.
541 1559 7 03 4.93 5.08 0.0589
542 1530 6 00 6.58 6.75 0.0681
543 1500 5 19 9.20 9.49 0.0752
544 1763 5 05 12.23 12.68 0.0925
546 1617 4 14 14.78 15.38 0.102
547 1754 4 00 19.60 20.24 0.117
548 1734 3 32 24.42 24.80 0.131
549 1862 3 15 33.60 34.70 0.153
550 1732 2 42 41.90 43.00 0.171
• O rifice 1.49 in. diam.
551 1794 3 32 4.97 5.23 0.135
552 1836 3 04 6.86 7.41 0.160
553 1758 2 34 9.38 10.08 0.183
554 1864 2 13 13.66 14.68 0.224
555 3207 3 18 17.94 19.47 0.258
556 3263 2 57 23.28 25.45 0.295
557 3252 2 35 30.73 32.85 0.336
O rifice 2.00 in. diam.
558 3234 3 36 4.51 5.14 0.240
559 3013 2 49 6.46 7.47 0.301
560 3155 2 31 8.73 10.01 0.334
561 3306 2 21 10.92 12.47 0.376
562 3237 1 53 Vf 16.32 18.8 0.457
O rifice 2.50 in. diam.
563 3358 2 18 4.35 5.45 0.389
564 3324 1 45.4 7.18 8.88 0.505
565 3124 1 37.8 7.43 9.23 0.512
Sheet i—1 •o525
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TABLE 8 (Cont'd.) ACTUAL AND APPARENT LOST HEADS.
Par t 5 , 6-in. Series. O rifice 2.00 in. diam.
Obs.
No.
Cubic Feet Cor. Lost Head Cu. Ft. 
Sec.In it . Final Net Time Act. . ... 4PP.
566 40.50 184.61 144.11 m s 3 20 42.3 48.3 0.735
567 62.84 185.96 123.12 3 20 31.5 35.3 0.628
O rifice 2.50 in. diam.
568 20.36 151.66 131.30 3 30 12.2 15.0 0.636
569 63.14 229.96 166.82 3 25%- 20.6 25.3 0.826
570 54.70 232.27 177.57 2 42 23.7 45.7
)
1.11
O rifice 3.00 in. diam.
571 37.02 160.15 123.13 3 20 4.87 6.50 0.628
572 53.20 189.45 136.25 3 00 24- 7.38 10.0 0.770
573 50.78 217.27 166.49 3 00 11.0 15.0 0.943
574 47.17 229.43 182.26 2 30 21.6 25.8 1.23
575 32.52 231.76 199.24 2 13 28.9 39.0 1.52
Net. Wt. O rifice 4.02 in. diam.
576 533 3 04 0.003 0.010 0.0472
577 724 3 22 0.005 0.0155 0.0584
578 833 3 00 0.013 0.0245 0.0755
579 1091 3 12 0.016 0.036 0.0927
580 603 1 30 0.022 0.048 0.109
581 780 2 00 0.023 0.045 0.106
582 1363 3 00 0.028 0.064 0.123
583 1490 3 01 0.037 0.085 0.135
584 1706 3 00 0,051 0.099 0.155
585 1645 2 20 0.080 0.145 0.192
586 1764 2 00 0.130 0,230 ■ 0.241
587 1717 1 41 0.175 0.185 0.277
Cu.F.t. Net
588 35.80 162.78 126.98 6 32 0.261 0.46 0.330
589 50.70 169.80 119.10 5 01 0.368 0.70 0.404
590 34.55 166.53 131.98 5 06 0.47 0 83 0.439
591 70.60 170.00 99.40 3 35 0.52 0.95 0.471
592 45.60 159.19 113.59 3 17 0.81 1.49 0.587
593 41.89 193.74 151.85 3 20%' 1.45 2.55 0.772
594 45.55 231.77 186.22 3 20 2.19 3.88 0.950
595 37.21 236.07 198.86 2 52 z/ 3.34 5.95 1.17
596 38.36 231.35 192.99 2 07 5.82 10.2 1.54
597 27.40 231.05 203.65 1 52 8.37 14.6 1.85
598 22.84 233.18 210.34 1 27 t/ 14.6 25.8 2.45
599 27.86 230.84 202.98 1 26 y 13.9 24.8 2.41
Net Wt. O rifice 5.01 in. diam.
600 1050 3 21 0.000 0.010 0.0854
601 1213 3 00 0.001 0.015 0.110
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TABLE 8 (G ont'd .) ACTUAL AND APPARENT LOST HEADS.
Part 5, 6-in. Series. O rifice 5.01 in. diam.
Ohs. Cubic Feet Net Cor. Lost Head Cu. Ft.
No. In it . Final Wt. Time Act. ___ Sec.
602 1650 m s 3 00 0.005 0.024 0.150
603 1714 2 18*r 0.011 0.042 0.202
604 1937 2 13ft- 0.015 0.0605 0.237
605 1915 1 51%- 0.026 0.082 0,280
Cu.Ft.Net
606 44.30 172.30 128.00 6 17 0.054 0.132 0.347
607 52.40 170.32 117.92 4 47 0.070 0.198 0.419
608 48.40 172.76 124.36 3 41 0.137 0.377 0.574
609 55,20 191.29 136.09 3 20 0.222 0.561 0.693
610 49 33 216.30 166.97 3 20 0.32 0.827 0.852
611 46 67 219.45 172 78 3 00 0.43 1.085 0.979
612 48.24 219.71 171.47 2 30 0.62 1.51 1.16
613 46.12 219.61 173.49 2 00 1.02 2.50 1.47
614 50.73 231.05 180.52 1 43%- 1.47 3.65 1.77
615 41.00 228.92 187.92 1 24% 2.30 5.86 2.27
616 33.89 229.87 195.98 1 07 5A 3.90 9.95 2.97
Sheet No. 16.
112
TABLE 8 (Cont’ d. ) . ACTUAL AND APPARENT LOST HEADS. 
Part 6, 12-in Series Orifice 1.50 in. diam.
oVs. Cubic Beet Net Cor. Lost Head Cu.Pt.
No. In it. Pinal Wt. Time Act. ..... APP • Sec .
613a 224 10m003 0.011 0.011 0.00598
614a 210 8 20 0.013 0.013 0.00672
615a 198 6 40 0.017 0.018 0.00793
616a 205 6 00 0.021 0.022 0.00911
617 209 5 39 0.028 0.029 0.00987
618 216 5 00 0.036 0.036 0.0115
619 202 4 21 0.042 0.044 0.0124
620 203 4 01 0.050 0.052 0.0135
621 208 3 35 0.067 0.067 0.0155
622 258 4 00 0.079 0.080 0.0172
623 376 5 32 0.090 0.092 0.0181
624 342 4 00 0.112 0.113 0.0228
625 300 4 01 0.135 0.135 0.0199
626 372 4 00 0.176 0.176 0.0248
627 347 3 19 0.216 0.216 0.0279
628 392 3 19 0.274 0.277 0.0315
629 448 3 20 0.350 0.353 0.0358
630 497 3 20 0.428 0.437 0.0398
631 517 3 11 0.516 0.523 0.0433
632 585 3 11 0.663 0.675 0.0490
633 596 3 00 0.773 0.790 0.0530
634 650 3 00 0.915 0.940 0.0578
635 730 3 04 1.12 1.14 0.0635
636 830 2 59 1.50 1.53 0.0742
637 1040 3 22 1.86 1.91 0.0825
638 1512 4 20 2.39 2.44 0.0930
639 1542 4 00 2.97 3.04 0.103
640 1725 4 00 3.66 3.72 0.115
641 1654 3 20 4.79 4.89 0.132642 1679 3 00 6.18 6.31 0.149
643 1902 3 00 7.88 8.04 0.169
644 1787 2 35 9.56 9.70 0.184
645 3286 4 19 11.5 11.7 0.203646 3218 3 35 15.9 16.2 0.239
647 1800 1 43 21.2 21.6 0.279648 3254 2 46/z27.2 27.8 0.312
649 3110 2 18 36.2 36.9 0.361
650 3398 2 25 41.4 42.1 0.375
O rifice 2.00 in . diam.
651 224 6 00 0.009 0.010 0.00997
652 241 5 00 0.012 0.013 0.0129
653 206 4 00 0.016 0.018 0.0137
654 223 4 30 0.017 0.017 0.0132
655 258 4 00 0.026 0.028 0.0172
656 246 3 O 0.037 0.040 0.0209657 287 3 00 0.056 0.060 0.0255
Sheet No. 17.
TABLE 8 (Cont’ d.) ACTUAL AND 
Part 6, 12-in. series
113
APPARENT LOST HEADS*.
O rifice 2.00 in. diam.
Olo s . Cubic Feet Net Cor. Lo st Head Cu.Ft• ■
No. In it. Final Tt. Time Act. Am:- . Sec.
658 273 2m25s 0.076 0.081 0.0301
659 256 2 00 0.097 0.103 0-0341
660 285 1 59 0.124 0.131 0.0383 *
661 354 2 07 0.174 0.182 0.0446
662 450 2 24 0.214 0.220 0.0500
663 847 4 02 0.369 0.383 0.0559
664 1177 3 57 0.480 0.495 0.0794
665 616 1 54 0.638 0.660 0.0865
666 989 2 41 fk 0.813 0.848 0.0980
667 947 2 08 1.18 1.22 0.116
668 1333 2 29 1.74 1.80 0.143
669 1575 2 37 %- 2.16 2.25 0.160
670 1531 2 15& 2.81 2.95 0.181
671 1485 1 481*r 4.08 4.22 0.219
672 1490 1 34 ys 5.54 5.74 0.252
673 1552 1 23 7.67 7.92 0.299
674 1786 1 22 10.3 10.7 0.348
675 1817 1 125^ 13.6 14.1 0.402
676 1828 1 05/z 17.0 17.6 0.446
677 3401 1 42 'A. 23.9 25.0 0.532
6 78 3242 1 22/r 34.7 36.2 0.631Cu. Ft.679 3.20 166.2 163.0 3 50 45.5 47.1 0.708
Net .Wt. Orifice: 3.00 in • di am.
680 384 4 05 0.010 0.010 0.0251681 352 3 20 0.013 0.014 0.0282682 412 3 21 0.019 0.019 0.0328683 491 3 21 0.02b 0.026 0.0391
684 427 3 00 0.034 0.034 0.0380
685 569 3 00 0.042 0.043 0.0507686 630 3 01 0.051 0.053 0.0557687 694 3 00 0.061 0.065 0.0617
688 772 2 58 0.078 0.082 0.0694689 895 2 59 0.103 0.110 0.0800690 919 2 39^ 0.134 0.146 0.0922691 1292 3 20 0.168 0.182 0.103692 1493 . 3 20 0.230 0.250 0.119693 1755 3 20 0.316 0-340 0.140694 1661 2 40 0.440 0.470 0.166695 1872 2 37 0.583 0.630 0.191696 1868 2 15*- 0.740 0.820 0-221
Cu. Ft.
697 2.05 167.78 165.7 10 48 1.095 1.185 0.256698 54.9 166.4 111.5 6 11 1.55 1.66 0.301699 52.0 170.5 118.5 5 18 2.35 2.52 0.373700 54.8 174.3 119.5 4 50 2.89 3.12 0.411
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TAB IE 8 (Cont'd.) ACTUAL 
Part 6, 12-in. Series
AND .APPARENT LOST HEADS. 
O rifice 3.00 in.
114
diam.
Cbs. Cubic Feet Cor. Lost Head Cu.ft.
Ho. In it . Pinal Het Time Act. . App......... Sec.
m s
701 56.0 178.7 122.7 4 24^ z 3.58 3.84 0.463
702 52.5 190.4 137 9 4 17& 4.82 5.16 0.536
703 45.5 181.1 135.6 3 40 6.43 6.94 0.617
704 46.5 205.6 159.1 3 46^ 8.25 9.01 0.702
705 36.5 177.5 141.0 2 56 10.7 11-. 6 0.799
706 43.7 228.8 185.1 3 29 13.7 15.1 0.886
707 50.7 192.2 141.5 2 Zlfs- 16.9 18.1 1.00
708 0.8 199.3 198.5 2 43 23.8 25.5 1.22
709 4.5 199.1 194.6 2 28%- 28.7 31.0 1.31
710 5.9 204.3 198.4 2 09^ 39.2 39.7 1.53
Net Wt. O rifice 4.00 in. diam.
711 530 3 46 A 0.008 0.010 0.0374
712 408 2 16 0.010 0.014 0.0480
713 488 2 17 0.016 0.020 0.0570
714 513 1 59%- 0.023 0.030 0.0687
715 734 2 H%- 0.036 0.043 0.0895
716 944 2 28/z 0.048 0.056 0.102
717 992 2 24 0.058 0.068 0.110
718 1117 2 31%- 0.067 ■0.082 0.118
719 1305 2 18 0.109 0.122 0.151
720 1475 2 14 %- 0.150 0.172 0.175
721 1578 2 0 5 A 0.198 0.225 0.202
722 1747 2 06 %- 0.236 0.270 0.221
723 1900 1 54 /z 0.306 0.348 0.266
724 18.9 183.8 Cu. Ft. 164.9 7 37 0.396 0.446 0.360
725 55.9 172.6 116.7 6 12 0.493 0.578 0.314
726 48.1 165.0 116.9 6 58 0.400 0.454 0.278
727 39.5 169.6 130.1 6 36 0.541 0.617 0.328
728 48.2 167.0 118.8 5 20 0.685 0.798 0.371
729 50.4 166.9 116.5 4 32 0.92 1.065 0.428
730 54.7 175 7 121.0 4 04 1.23 1 .45 0.496
731 62.3 168.0 105.7 3 07 1.60 1.84 0.565
732 51.8 173.8 122.0 3 06 2.16 2.52 0.656
733 46.3 198.9 152.6 3 22 2.95 3.39 0.755
734 38.7 184.8 146.1 3 07- 3.10 3.60 0.781
735 47.5 196.8 149.3 2 45/£ 4.12 4.74 0.902
736 48.1 204.1 156.0 2 37 5.04 5.77 0.993
737 43.5 220.6 177.1 2 37 6.34 7 32 1.13
738 40.7 222.5 181.8 2 24 8.06 9.21 1.26
739 32.3 228.6 196.3 2 16& 10.4 11.8 1.44
740 37.9 242.7 204.8 2 07 13.2 15.0 1.61
741 37.5 225.9 188.4 1 44 16.5 20.2 1.81
742 32.3 218.8 186.5 1 19 28.0 32.6 2.36
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TABLE 8 
Part 6, 12-in.
( Cont'd. 
Series.
ACTUAL
115
AND APPARENT LOST HEADS. 
O rifice 5.00 in. diam.
Obs. Cubic Feet Het Cor. Lost Head Cu. f t .
No. In it . Final Wt. Time Act. App. Sec.
m s
743 584 2 20 0.009 0.010 0.0668
744 659 2 14& 0.012 0.013 0.0784
745 689 2 11 0.014 0.016 0.0842
746 786 2 15*- 0.018 0.020 0.0930
747 848 2 10 0.021 0.026 0.104
748 991 2 14 0.026 0.031 0.118
749 1021 2 04 /z 0.033 0.040 0.131
750 1204 2 10 * 0.040 0.049 0.148
751 1256 2 10 0.052 0.063 0.155
752 1577 2 11 0.070 0.083 0.193
753 1677 2 0 6 ^ 0.083 0.100 0.212
754 1942 2 04 0.108 0.136 0.251
755 2411 2 24 0.126 0.156 0.268
756 2890 2 35 0.158 0.199 0.298
757 3201 2 30 0.204 0.250 0.340
758 3249 2 16*r 0.256 0.320 0.381
Cu. Ft.
759 55.2 171.4 116.2 4 38 0.319 0.405 0.418
760 61.8 172.0 110.2 3 50 0.408 0.510 0.473
761 61.5 171.9 110.4 3 27^ 0.518 0.650 0.533
762 60.7 169.5 108.8 2 55^ 0.71 0.89 0.619
763 55.4 173.2 117.8 3 00 -^ 0.78 0.98 0.653
764 59.5 181.8 122.3 2 47 *r 0.98 1.22 0.730
765 56.0 179.5 123.5 2 34 1.16 1.45 0.802
766 48.5 195.1 146.6 2 32^ 1.71 2.14 0.962
767 49.3 186.6 137.3 2 12**- 1.96 2.46 1.04
768 30.5 193.0 162.5 2 27**- 2.51 •3.15 1.10
769 45.5 201.7 156.2 •2 03 2.99 3.76 1.27
770 49.8 233.5 183.7 2 01^ 4.30 5.29 1.51
771 10.7 231.5 220.8 2 Oftfcr 5.63 J 6.80 1.71
772 3.3 233.3 230.0 1 46^ 8.84 10.8 2.16
773 12.9 235.1 222.2 1 41*r 8.99 11.3 2.20
Net.Wt. O rifice 6.00 in. diam.
774 724 1 59^ 0.008 0.010 0.0970
775 992 2 11 0.012 0.013 0.121
776 1170 2 22*r 0.016 0.019 0.131
777 1225 2 06*h 0.019 0.024 0.155
778 1597 2 00 0.036 0.049 0.213
779 1858 1 58/6- 0.050 0.066 0.251
780 3189 2 57 0.065 0.084 0.288
781 2969 2 19 0.092 0.121 0.342
782 3351 2 25 0.106 0.140 0.370
Sheet No . 20.
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TABLE 8 (Cont'd.)  ACTUAL AWL APPARENT LOST HEADS
Part 6, 12-in . Series. O rifice 6.00 in. diam.
Obs. Cubic Feet Cor. Lost Head Cu. f t .  ■
No. In it . Final Net Time Act. &1 Sec.
783 48.2 167.3 119.1
m ,s 4 53 r^ 0.136 0.179 0.407
784 54.7 170.3 115.6 3 53 0.197 0.265 0.497
785 57.7 168.3 110.6 4 31 fr 0.136 0.183 0.407
786 54.5 189.4 134.9 3 48% 0.276 0.370 0.589
787 53.3 200.9 147.6 3 37 0.371 0.497 0 680
788 57.2 209.6 152.4 3 14 0 490 Q.661^ 0,786
789 45.1 193 7 148.6 2 48% 0.61 0.82 0.882
790 44.5 178.7 134.2 2 14 0.80 1.06 1.00
791 37.0 177.0 140.0 2 02* 1.04 1.40 1.14
792 13.6 190,9 177.3 2 13% 1.40 1.89 1.33
793 14.1 187.9 173 8 1 53% 1.84 2.47 1.53
794 - i .4 204.1 205.5 1 59 2.38 3.18 1.72
795 15.5 184.3 168.8 1 18 3.76 5.07 2.16
796 4 .4 209.9 205.5 1 25 % 4.50 6.23 2-39
797 6.8 226.6 219.8 1 24% 5.27 7.12 2.60
798 11.0 204.5 193.5 1 12 6.46 8.94 2.69
799 2.3 236.6 234.5 1 19% • 6.89 9.32 2.95
800 Net \7t. 1443 2 02
O rifice 8.00 in, 
0.005 0.010
, diam. 
0.189
801 1771 2 02% 0.008 0.0155 0.232
802 3245 3 55 0.007 0.014 0.221
803 3187 3 20 0.010 0.018 0.255
804 3197 2 56% 0.013 0.024 0.290
805 3148 2 42 0.015 0.0295 0.313
806 55.6 165.4 Cu. Ft.109.8 5 02% 0.023 0.040 0.363
807 57.8 169.1 111.3 4 24% 0.029 0.050 0.421
808 60.3 169.8 109.5 4 oi#- 0.035 0.063 0.454
809 11.3 167.4 156.1 4 53% 0.047 0.085 0.532
810 50.5 167.2 116.7 3 07% 0.070 0.110 0.622
811 48.2 170.6 122.4 2 44% 0.092 0.148 0.745
812 45.2 176.3 131.1 2 36% 0.125 0.200 0.838
813 52.7 182.1 129.4 2 16% 0.154 0.250 0.948
814 42.8 205.8 163.0 2 32 % 0.206 0.325 1.07
815 51.1 202.4 151.3 2 05%
09 %
0.27 0.435 1.21
816 41.3 215.7 174.4 2 0.30 0.53 1.35
817 36.3 225.2 188.9 2 01^ 0.41 0.70 1.56
818 35.4 223.1 187.7 1 42 0.53 0.97 1.84
819 39.4 225.3 185.9 1 37 0.60 1.10 1.92
820 27.4 221.2 193.8 1 31 0.76 1.38 2,13
821 25.9 236.7 210.8 1 28 0.95 1.70 2.40
822 7.1 230.5 223.4 1 31% 1.07 1.78 2.44
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TABLE 8 (Cont'd.) ACTUAL AHD APPARENT LOST HEADS.
Part 6, 12-in. Series. O rifice 10.00 in. diam.
o¥S7
Ho.
Cubic feet Cor. Lost Head Cu. f t .
In it . Final Uet Time Act. ...... - .......... Sec.
823 56.3 196.4 140.1 5mi3 S 0.001 0.011 0.447
824 61.5 171.5 110.0 4 04 0.002 0.014 0.451
825 57.5 176.8 119.3 3 12 0.008 0.028 0.622
826 59.4 167.6 108.2 3 38 Q.0G5 0.017 0.49 7
827 55.6 174.9 119.3 3 25 0.004 0.020 0.583
828 63.1 172.9 109.8 3 00 0.007 0.023 0.610
829 56.6 ,172.6 116.0 2 57 0.011 0.028 0.655
830 55.1 172.4 117.3 2 44 0.011 0.032 0.714
831 58.3 190.6 132.3 2 51 0.014 0.036 0.773
832 45.2 185.7 140.5 2 51 0.016 0.045 0.821
833 41.1 178.8 137.7 2 47A 0.017 0.049 0.822
834 42.0 190.3 148.3 2 47 0.016 0.052 0.888
835 40.5 197.5 157.0 2 42 0.019 0.062 0.968
836 38.0 211.9 173.9 2 32 ^ 0.022 0.070 1.14
837 39.9 214.9 175.0 2 10 0.040 0.110 1.35
838 44.4 213.8 169.4 2 2Z/s- 0.028 0.087 1.18
839 40.4 204.6 164.2 i 45 0.04 0.14 1.55
840 37.1 203.5 166.4 1 57^ 0.06 0.17 1.42
841 32.8 213.4 180.6 1 57%~ 0.07 0.20 1.53
842 34.9 227.8 192.9 1 50^- 0.07 0.235 1.74
843 26.0 219.5 193.5 1 36 0.12 0.270 2.02
844 26.6 227.1 200.5 1 52^ 0.12 0.27 1.79
845 23.3 228 9 205.6 1 47 0.06 .0 .3 0 1.92
846 6.5 235.0 228.5 1 48^ 0.08 0.34 2.11
847 4.2 230.1 225.9 1 40 0.135 0.405 2.26
848 5.5 227 3 221 8 1 32 0.14 0.45 2.41
849 12.7 234.4 221.7 1 26^- 0.16 0.51 2.57
850 5.6 224.1 218 5 1 21 0.19 0.56 2.69
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"Cor. Time" gives the times recorded in Table 6 corrected for error 
of watch. The column headed "Act. Lost Head" contains the readings 
of Gage 1 corrected for pipe fr ic t ion . Similarly the column headed 
"App. Lost Head" contains the readings of Gage 2. Where the lost 
heads of Table 6 were in terms of mercury, in Table 8 they have been 
transformed into water by multiplying by 12.6. Also in Table 6 
where more than one observation is shown for Gage 1 or 2 during a 
single period of discharge in Table 8 a mean value is  recorded. The 
loss in head due to pipe fr ic t io n  is  obtained from the curves of 
Fig. 10, page 94, for the rate o f discharge shown in the last 
column of Table 8 (except for Part 5). The pipe fr ic t io n  for Part
2, for which a curve is not shown, was assumed to be the same as 
that for Part 1, although the test pieces for the two parts were 
not quite of the same length or diameter (see Table 2, page 5).
The pipe fr ic t io n  for Part 5 was assumed to be 5/6 of that of Part
3. Owing to the considerable difference between the diameter of 
the test piece for Part 5 and the test pieces of Parts 3 and 4,
6-in. series, (see Table 2 ), to rediice a ll the data of the 6-in. 
Series to a common standard the actual rates of discharge of Part 
5 have been reduced to equivalent rates of discharge for a pipe 
the size of the test pieces of Parts 3 and 4. This has been done 
by multiplying the actual discharges by the ratio of the cross
r  u p  ^sectional areas, ( )  ; thus as far as we are here concerned any .
v .  uo
e ffect from the variation in the sizes of the test pieces of the 
6-in. series w ill have been n u llified .
119
IY. RELATION BETWEEN APPARENT LOST HEAD AND DISCHARGE.
Discharge Curves.- In Pigs. 11-13 are plotted to logar­
ithmic scale, from the data of Table 0, discharges against apparent 
lost heads. Each of the above figures show the plotted values for 
the eight o r ifice s  of a series. In Fig. 11 are plotted the data of 
Parts 1 and 2, 4-in. series, with the exception of observations 
276-302 of which more w ill be said later. In Pig. 12 are plotted 
the data of Parts 3, 4, and 5, 6-in. series, with the exception of 
observations 457-529 which w ill also receive later consideration.
In Pig. 13 are plotted the data of Part 6, 12-in. series.
A study of the figures w ill show that, except for the 
10-in. o r ifice  in the 12-in. series, the plotted points for each 
o r ifice  come very close to fa llin g  on a straight line. Accordingly 
the fu ll  line drawn through the mean values for each o r ifice  sihows 
for that particular cr i f ic e  the relation  between discharge and ap­
parent lost head, and since these straight lines are through points 
plotted to logarithmic scale, the equation of each curve is of the 
exponential form
y = n xm
in which n is the intercept and m is  the slope. For the 10-in. 
o r ifice  of the 12-in. series the evidently large errors of observ­
ing and the shortness of range of the experiments maxe the position 
of the curve very uncertain, and consequently it  w ill receive no 
weight in what follow s. A preliminary examination w ill show that 
the curves are very nearly parallel and that the curves of one 
series apparently bear the same relation to one another as do the 
curves of the other series.
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Slopes. - In Table 9 are tabulated the measured slopes of 
the 24 curves. With the exception of the slope of the curve for the 
1 0 -in .o r if ic e , they agree very closely . Average values for the cor­
responding car i f  ices of the three series are shown,and the mean of th 
average slopes is  2.003. The maximum difference between the mean 
and that for any single o r ifice  (except 10-in. o r if ice )  is  2 per 
cent, but in general the variation is  less than 1 per cent. The 
maximum difference between the average slopes for corresponding 
o r ifice s  and tte mean value is  less than 0.5 per cent. There being,
TABLE 9. SLOPES - APPARENT 10ST HEADS.
Diam. of O rifice "m" from Curves
D=4.06"rD=6.i2"iD=ir. 15" D-4.06" | D=6 12"1 D-12.15'lAverage
0.497 0.75 1.50 2.00 * 2.00 ' 2.02 2.00(2) 1
0.667 1.00 2.00 1.99 2.00 2.00 1.99 7
1.00 1.49 3.00 2.00 1.99 2.02 2.003
1.34 2.00 4.00 2.01 1.99 2.00 2.000
1.67 2.50 5.00 2.00 1.97 2.02 1.997
2.00 3.01 6.00 2.02 1.96 2.02 2.000
2.68 4.02 8.00 2.01 2.005 2.02 2.012
3.33 5.01 10.00 2.02 2.005 2.12 2.013
between the slopes of the individual curves and the mean slope
apparently no systematic variation, it  was fe lt  that the mean slope
might be safely assumed as the slope each curve would have taken
under ideal experimental conditions. The ciirves, adjusted to the
slope 2.003, are shown by dash lines when there is  enough variation
between the slope of the individual curve and the mean slope for a
dash line to be shewn.
♦ *
Velocity Curves . - From each of the adjusted curves of 
Figs. 11-13, two discharges, corresponding to given values of ap­
parent lost heads, have been taken and the corresponding v e locities
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TABLE 10. VELOCITIES FROM DISCHARGE CURVES - APPARENT LOST HEADS.
D/d
*5“ Q V , 1 aSeries L U L U L U % ( (if 1ST
4” 8.17 0.1 100
6” 8.16 0.1 10012” 8.10 0.1 100
Mean 8.14
4 it 6.09 0.01 100
6” 6.12 0.01 10012” 6.08 0.01 100
Mean 6.10
4 it 4.06 0.01 1006” 4.10 0.01 100
12” 4.05 0.01 100Mean 4.07
4” 3.04 0.01 100
6" 3.06 0.01 100
12" 3.04 0.01 100
Mean 3.05
4" 2.43 0.01 1006" 2.44 0.01 100
12” 2.43 C.oi 100
Mean 2.43
4" 2.03 0.01 10.06" 2.03 0.01 10.012" 2.03 0.01 10.0
Mean 2.03
4” 1.52 0.01 10.06" 1.52 0.01 10.0
12" 1.52 0.01 10.0
Mean 1.52
4” 1.22 0.01 1.006" 1.22 0.01 1.00
12" 1.22 0.01 1.00
Mean 1.22
.00218 .0670 .0242
.00475 .148 .0235
.0190 .592 .0236
.0238
.00124 .120 .0138
.00272 .256 .0135
.0107 1.06 .0133
.0135
.00267 .264 .0297
.00599 .586 .0296
.0239 2.37 .0296
.0296
.00480 .474 .0534
.01075 1.05 .0532
.0417 4.11 .0517
.0528
.00770 .765 .0859
.0168 1.66 .0831
.0660 6.55 .0818
.0836
.0113 .357 .126
.0246 .772 .122
.0980 3.10 .122
.123
.0219 .674 .244
.0493 1.52 .244
.186 5.84 .231
.239
.0440 .438 .489
.0950 .940 .470
.369 3.69 .457
.472
0.745
0.722
0.734
0.737 180.0 66.2
1.33
1.26
1.31
1.30 56.0 37.2
2.94 
2.90
2.94
2.93 11.5 16.54
5.27
5.19 
5.10
5.19 3.60 9.26
8.51 
8.22 
8.12
8.28 1.42 5.83
3.97
3.82
3.84
3.88 Q.6'50 4.00
7.50
7.52 
7.25
7.42 0.178 2.02
4.87
4.66
4.57
4.70 0.045 0.94
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in pipe have been computed. In Table 10 the corresponding o r ifice s  
of the three series are grouped together and the ve locities  corre­
sponding to the given lost heads are recorded for each o r if ic e . 
Reading from le ft  to right the columns contain the series; values 
of the ratio of diameter of pipe to that o f o r if ice  (D /d), given 
lost heads (h^) corresponding to the discharges, discharges ( Q) 
read from lower and upper portions of curves for given lost heads, 
and ve locities  (Vi corresponding to the discharges. The remaining 
columns w ill receive attention later.
It w ill be observed that for a given 4 the ve locities  ford
a given lost head are nearly the same for the three series, that
the t.er cent of variation from the mean increases as the ratio 4 * a
decreases, that for a given lost head the tendency is for the ve­
lo c ity  to be greatest with the 4-in , series and smallest with the 
12-in. series, but that the percentage of variation from the mean 
is in general small, except with ^ = 1.22, the maximum variation 
being about 5 per cent and the average variation being about 1 per 
cent. For 4 = 1.22 the decrease in velocity , for a given lost head, 
as the size of the pipe increases is most noticeable, the variation 
from the mean amounting; to nearly 4 per cent.
In Fig. 14 are plotted to logarithmic scale, the v e lo c i­
ties and lost heads of Table 10, and straight lines are drawn 
through the mean points of each ratio of D/d. These lines are, of 
course, parallel and have the slope 2.003. I f i t  is assumed that 
the relation between apparent lost head and velocity  of uniform 
flow in pipe does not depend upon the size of pipe but only upon 
the ratio D/d (while evidently not exactly true the resulting error
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w ill for present purposes be of l i t t l e  consequence, then each of 
the curves of Fig. 14 shows the relation  between apparent lost head 
(h^) and the velocity  (V) for a particular value of and each 
curve is of the exponential form
(1) hb = Kb v2.003
in which X^  is  the intercept on the h^  axis (the line through V - 
1.00).
Intercept Curve.-  Again referring to Table 10, in the 
column headed are recorded the intercepts as read from the curves 
of Fig. 14, find in the following column are the computed values of
D.p Ii-ji - (DT'd)3 • l n Fig- 15, to logarithmic scale the latter quantities 
are plotted against values of Xt , and a fu ll  line "curve b" is  
drawn through the points. Since the curve is a straight line its  
equation, expressing the relation between Kfc, and (-j)2 - is
of the exponential form. The intercept as read from the curve is  
0.0436 and its  slope is 1.991. The eqixation of the curve is , 
therefore
(2) - 0.0436 [ ( f ) 2 - (5^ )S ]
1.991
U /d )'
Exact delation . - Substituting in Equation (1) the value 
of X^  shown in Equation (2 ), there is  obtained
h„ = 0.0436 [ ( f ) 2- 1 |3]  1 -9S1 V8-°°3
or
(3) V =
rtf 
l_ *1
0.0436 £( 2 - .1 1.991 (^ ToC)*5]
0.4992
which is the general expression for determining the velocity  of 
flow of water in a pipe by means of a d ifferen tia l gage when the 
piezometer tubes are inserted at sections on each side of the
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o r ifice  and at a distance from the o r ifice  of approximately 0.4
the diameter of the pipe.
Approximate Relation. - It w ill be noted that the exponent
of the right-hand portion of the denominator in Equation (3) is
nearly a square. In Fig. 15 the dash line ( curve b) is  fixed at a
slope of two. The intercept of this line is 0.0408. With this
approximation Equation (3) reduced to the form
0.4992
(4)
i
3 
1 _ 1--
0 . 0 4 0 8  [ (% )*  - 1 1 2 . 0 0  (D / S )^  J
and, assuming that the exponent of the right-hand term is 1 /2, 
further reduces to the form
(5) V = 0.202
^ b2"
[(f) D/d) 3]
For a particular size of o r ifice  and pipe the denominators 
of Equations (3 ), (4 ), and {5) become constants.
Comparison of Equations and Curves.-  The results of 
computations based on Equation (3 ) , and actual values read from the 
curves of Figs. 11-14 are recorded in Table 11. For each mean j  
two values of h-^  have been chosen and the corresponding v e locities  
and discharges determined through the use of the equation and by 
examination of the curves, the columns headed "Com." referring to 
computed values and the columns headed "Act” referring to the 
values taken from the curves. Discharges were obtained from Figs. 
11-13 and were taken from the discharge curves determined from the 
plotted observations, not from the adjusted curves. V elocities 
were taken from the curves of Fig. 14.
A comparison between corresponding actual and computed
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TABLE 11. COMPUTED Vs ACTUAL VELOCITIES. 
Computations based on Equation (3).
hb Velocity Dischar ge 4" Discharge 6" Discharge 12"D/d Com. (Act. Com. Act. Com. Ac "t. Com. Act
8.14
8.14
0.03
10.0
. 01S9 
.234
.0130
.237
.00117
.0211
.00118
.0216
.00261
.0473
.00262
.0473
.0104
.188
.0104
.188
6.10
6.10
0.03
10.0
.0228
.414
.0232
.422
.00205
.0372
.00211
.0390
.00461
.0836
.00460
.0830
.0184
.333
.0185
.336
4.07
4.07
0.03
10.0
.0510
.927
.0512
.931
.00458
.0834
.00465
.0846
.0103
.187
.0103
.186
.0411
.746
.0422
.740
3.05
3.05
0.03
io .o :
.0908
1.65
.0910
1.65
.00817
.148
.00833
.151
.0183
.333
.0184
.335
.0732
1.33
.0732
1.31
S. 43 
E. 43
0.03 
10.0 i
.144
E.61
.144
2.65
.0130
.235
.0132
.245
.0291
.527
.0287
.528
.116
2.10
.116
2.07
£.03
£.03
0.03 
10.0 :
.209
3.81
.211
3.88
.0188 
. 3a2
.0196
.349
.0423
.767
.0420 
. 767
.169
3.06
.171
3.05
1.5E
1.52
0.03
l.oo  ;
.412
2.37
.410
2.38
.0370
.214
.0376
.215
.0832
.478
.0850
.482
.332
1.91
.324
1.85
l.EE
l.EE
0.03 
1.00 .
.882
5.08
.820
4.72
.0794
.458
.0785
.441
.178
1.03
.164
.95
.711
4.09
.670
3.54
values w ill show that for ve locities  the maximum variation is about 
E per cent and the average variation considerably less than 1 per 
cent. A similar comparison between the discharges does not show 
as close agreement, as is to be expected. For the 4-in . series 
the equation evidently gives values about E per cent too low, on 
the average, though for  certain values the agreement is  very close. 
For the 6-in . series there is  no such consistent variation manifest 
and, excluding D/d = l.EE, the average variation is less than 1 
per cent. And for the l£ -in . series the computed values have a
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tendency to be higher than observed values. The large variations 
for D/d - 1.22 eliminate i t  from present consideration.
To show graphically what has just, been discussed, the 
computed values in Table 11 have been plotted as black f i l le d  c i r ­
cles in Figs. 11-14. It w ill be noted that in general the points 
fa l l  closer to the adjusted discharge curves (dash-lines) than to 
the discharge curves drawn through the mean of plotted observations 
{fu ll  lin es).
Similarly in Table 12 the results of computations based 
on Equation (5) are compared with actual values taken from the 
curves. A study of the ve locities  w ill show that when ^ is  large 
there is  practica lly  no difference between results obtained by 
Equation (5) and those obtained from the more exact equation, 
Equation (3 ), but that as D/d decreases the variation becomes more 
marked until when D/d - 1.52, Equation (5) gives results about 3 
per cent greater than the results o f Equation (3) or the values 
read from the curve. A comparison between computed and actual d is­
charges indicates that for the 4-in . series the approximate equa­
tion in general gives results considerably closer to the observa- 
tion curves than does Equation (3 ), the average variation being 
about 1 per cent. On the other hand, for the 6-in . and 12-in. 
series Equation (5) gives results that are consistently higher than 
the quantities read from the curves, the amount of the variation 
increasing as D/d decreases. For both 6-in . and 12-in. series the 
computed and observed values practically  agree when D/d is  large, 
but when D/d becomes 1.52, the equation gives, for the 6-in. series, 
results that are 3 per cent higher than values from curves.
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TABLE 12. COMPUTED Vs ACTUAL VELOCITIES.
Computations based on Equation (5 ).
d jt - ~Eb | Velocity Discharge 4" Discharge 6" Dischar,ge 12"Com. Act. Com.| Act. Com. Act. Com. 1 Act.
8.14 0.03 .0129 .0130 .00116 .00118 .00261 .00262 .0104 .0104
8.14 10.0 .236 .237 .0212 .0216 .0476 .0473 .190 .188
6.10 0.03 .0230 .0232 .00207 .00211 .00465 .00460 .0185 .0185
6.10 10.0 .420 .422 .0378 .0390 .0849 .0830 .339 .336
4.07 0.03 .0517 .0512 .00465 .00465 .0105 .0103 .0417 .0422
4.07 10.0 .944 .931 .0849 .0846 ,191 .186 .760 .740
3.05 0.03 .0924 .0910 .00831 .00833 .0186 .0184 .0744 .0732
3.05 10.0 1.69 1.65 .152 .151 .342 .335 1.36 1.31
2.43 0.03 .147 .144 .0132 .0132 .0297 .0287 .118 .116
2.43 10.0 2.68 2.65 .241 .245 .541 .528 2.16 i2.07
2.03 0.03 .214 .211 .0193 .0196 .0432 .0420 .172 .171
2.03 10.0 3.91 3.88 .352 .349 . 790 .767 3.15 3.05
1.52 0.03 .423 .410 .0381 .0376 .0855 .0850 .341 .324
1.52 1.00 2.44 2.38 .219 .215 .493 .482 1.97 1.85
1.22 0.03 .910 .820 .0819 .0785 .184 .164 .734 .670
cl. 22 1.00 5.26 4.72 .474 .441 1.06 .95 4.24 3.54
The computed values in Table 12 are plotted as triangles 
in Figs. 11-14, as were similar values of Table 11.
Revised Equations. - In view of the comparison made in 
Table 11, it  seems evident that the size of pipe in a small measure 
alters the relation  between the apparent lost head and the discharge 
and that in general more exact results would be obtained by in tro­
ducing in Equation (3) a coefficien t.nearly  unity, depending on the 
diameter of pipe. The equation would then be reduced to
h. 0.4992b
0.0436
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in which Cp is 1.02 for 4-in . pipe, 1.00 for 6-in. pipe and 0.99 
for 12-in. pipe. Equation (6) w ill furnish values which in general 
w ill vary less than 1 per cent from those taken from the observa­
tion curves, leaving D/& - 1.22 out of consideration.
Similarly from the comparison in Sable 12, i t  is  clear 
that in using the sim plified equation better agreement between 
actual and computed discharges could be obtained i f  the coefficien t 
of the denominator (which is the square root of the intercept of 
the dash line curve of Eig. 14) were made to depend on the ratio 
D/d, being increased as D/d decreases. The e ffect o f size of pipe 
is  as evident as when using Equation (3 ). Consequently Equation
(5) may be put in the form
in which Cp has the same values as in Equation (6) and Cr is  a 
ratio coefficien t varying with different values of Below are
tabulated approximate values of Cr .
D/d Gr
6/5
3/2
2
1.10
1.025
1.020
3 1.020
4 1.015
5 1.010
6 1.005
8 1.000
Equation (7) is  much easier of application than Equation 
(6 ), and the results are practica lly  the same, as may be easily 
verified  by dividing the computed quantities in Table 12 by Cr 
and comparing the results with corresponding quantities of Table 11
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Theoretical Equation. - I f  it  may he assigned that at Sec­
tion 1 there exists a condition of uniform flow,*and that the pres­
sure is transmitted vertica lly  to the piezometer tubes at Section 2 
from the je t issuing from the o r if ic e , then from B ernoulli's law
2V,2 
-— + l,
v 2 p , = -S  + _ 2+ h Y z P¥ z= —  + — + V* (1 -2g w 2g w 2g w 2g C*
w and uwin which Y±  and Vg are ve locities  at Sections 1 and 2, 
the pressure heads at Sections 1 and 2, h* is the loss in head be­
tween Sections 1 and 2, and Cv is  the coe ffic ien t o f ve locity . From 
the above equation it  is plain that
Bb =
( 8 )
in which h-b is the apparent lost head or the reading of Gage 2.
2 D
But- V Vi 2
i?l . £2
w W
1 V,2
2g ‘ 7TzuV 2g
(9)
A
in which Cc is the coe ffic ien t o f contraction for the jet at Sec­
tion 2, or in other words, the ratio of the cross sectional area o f 
the jet at Section 2 to the area of the o r if ic e . Combining (9) 
with (8) and assuming the coe ffic ien t o f velocity  of the jet to be 
the same as that for the standard o r ifice  in a ir, namely, 0.98, 
there results 
(10) Y  - V 1 -
2 g hb
i.0 4 i ( iT T  -
* That this is not quite true when D/d is 1.22 is shown in 
"Spacing Tests',' page 162.
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A sim ilarity between the form of this equation and that 
of Equations(3) and (5) w ill be noted.
Coefficient of Contraction. - Very l i t t l e  is  known con­
cerning the behavior of the jet issuing from a submerged o r if ic e , 
but i t  is probable that for a short distance beyond the o r ifice  the 
action is not greatly different from what it  would be in air. From 
a study of Table 6 it  seems that with a ll o r ifice s  the jet has fu lly  
contracted by the time it  reaches Section 2. With the smaller o r i ­
fices  of each series the jet evidently remains nearly conical for 
some distance beyond Section 2; but as D/d decreases from 2 there 
is an increasing tendency for the je t to expand more quickly and 
consequently one might expect a marked decrease in the tendency to 
contract.
Coefficients o f contraction based on Freeman's experiments 
with ring nozzles are shown in Column 2 of Table 13. These have 
been deduced from Freeman's coe ffic ien ts of discharge on the assump­
tion that the coe ffic ien t o f velocity  of the jet at the contracted 
section is 0.98. In column 3 of the table are shown coeffic ien ts 
determined by Weisbach. It should be noted that these coeffic ien ts 
are not for submerged o r if ice s , and do not cover the whole range o f 
the present experiments.
With Equation (10) as a basis and with values taken from 
the velocity  curves (Fig. 1 4 ),Cc has been computed for each ratio 
of D/d and the values are recorded in the column headed "Curves Cc " . 
It -will be seen that they agree closely  with corresponding c o e f f i ­
cients by Freeman and Weisbach. The relation  between coe ffic ien ts  
is graphically illustrated  by Fig. 22, page 157.. The gradual decreas
136.
of C0 as D/d decreases from 8.14 to 3.05 is  rather 'different than 
one might expect. It might he thought that with the smaller o r i ­
f ic e s , since contraction would take place nearer the o r if ic e , the 
je t would not he fu lly  contracted at Section 2, hut would have ex­
panded to some extent; hut in the ligh t of a future comparison this 
does not seem to he the case. ■
The increase in the coe ffic ien t of contraction as D/d 
decreases helow 3.05 is entirely to he expected in view o f the re ­
sults of experiments with o r ifice s  discharging in the open a ir.
la ter , as the theoretical equation for actual lost head 
is developed, i t  w ill he of interest to note how the coefficients of 
contraction determined from the present experiments compare with 
those of Freeman and Weishach.
I f  the value Cc = 0.63 were substituted in Equation (10), 
for the larger values of D/d the " l ” in the denominator may he neg­
lected and the equation w ill reduce to
V = 0.202 (D/d ) 2 ,
i
while Equation (5) under Similar conditions w ill reduce to
Y Z 'i 0.202 (D/d)2
Equations Compared. - In Table 13 for the several values 
of D/d are shown ve locities  computed by Equations (3 ) , (5 ), (7 ), 
and (10) and also those read from the velocity curves. It w ill he 
noted that the coefficien t Cc , varying as it  does, makes Equation 
(10) f i t  the curves. The results obtained by Equation (7 ), on the 
average, vary from the values read from the velocity  curves by less 
0.5 per cent, the maximum variation being 1 1/4 per cent. In using
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TABLE 13. - VELOCITIES PROM EQUATIONS.
D/d
Free­
man
Cc
Weis-
bach
Cc
Prom
Curves
Cc hb
Velocity
Eq.(10) Eq. (3) Curves Eq. (5) Eq. ( 7 )
8.14 .633 10.0 0.237 0.234 0.237 0.236 0.236
6.10 .630 10.0 0.422 0.414 0.422 0.420 0.418
4.07 .619 10.0 0.931 0.927 0.931 0.944 0.931
3.05■ .632 .624 .616 10.0 1.65 1.65 1.65 1.69 1.66
2.42i .639 .629 .625 10.0 2.65 2.61 2.65 2.68 2.63
2.02' . 650 .637 .636 10.0 3.88 3.81 3.88 3.91 3.83
1.52 .682 .667 .669 1.00 2.38 2.37 2.38 2.44 2.38
1.22: .740 .757 .771 1.00 4.72 5.08 4.72 5.26 4.68
Equation (7) a unit value of Cp, the factor depending on size of 
pipe, was chosen, since the velocity  curves represent the mean 
values from the three series. To take account of size of pipe 
Equation (10) should he altered to 
( 11)
V = f i
2Shb 1 _____
041 (|) . - 1
in which Cp takes the values 1.02 for 4-in . pipe, 1.00 for 6-in. 
pipe, and 0.99 for 12-in. pipe.
Summary.- The sim plified form of the empirical equa­
tion, Equation (7 ), possesses advantages over what may be termed 
the theoretical equation, Equation (11), in that its  application 
is  simpler; and its  coe ffic ien ts are nearly unity and may be assumed
unity, except when D/d is  small, without an error greater than 3
* "Spacing Tests", page 162, w ill make i t  appear that the 
actual value of the coe ffic ien t of contraction for L/d = 1.22 is  
about 0.753-
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per cent.
The theoretical equation, Equation (10), seems theoretic­
ally  sound. The coe ffic ien ts  of contraction computed by the equa­
tion agree so closely  with those based on experiments with o r ifice s  
discharging in the open air that the behavior of the jet may be as­
sumed to be the same as in air for a short distance beyond the o r i­
f ic e . The indications are that nearly complete contraction has taken 
place and is s t i l l  nearly maintained as the jet passes Section 2, 
regardless of the size of o r ifice  or pipe, and that pressure is 
transmitted to the piezometer tubes through the water surrounding 
the jet in the same manner as it  would be were the tubes inserted 
through the wall of the pipe to the periphery of the je t .
In view of the fact that the values of the coeffic ien t 
of contraction as computed by Equation (10) are greater than those 
deduced from experiments o f Weisbach and freeman when D/d is 1.22 
indicates the p oss ib ility  of the j e t ’ s not being fu lly  contracted 
at Section 2 or of there not being uniform flow at Section 1 for the 
largest o r ifice  o f  each series. A similar comparison between cor­
responding values for the smaller o r ifice s  indicates that the jet 
may have expanded sligh tly  before reaching Section 2. In view of a 
comparison in the next chapter there seemsto. be grounds for believ ­
ing that the jet is fu lly  contracted, but the discussion in Chapter 
VI makes it  clear that when D/d = 1.22 there is not uniform flow 
at Section 1.
The relation  between apparent lost head and discharge is 
a decidedly workable relation. With sections between which d iffe r ­
ence in pressure is taken located as were Sections 1 and 2 in the
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tests here under consideration, difference in head may he read ac­
curately (say, within 1 per cent) for a ll o r ifice s  and sizes of 
pipes under observation, except with the largest o r ifices  of each 
series. Ae D/d decreases from 1.5 the errors of reading rapidly 
increase until they are lik e ly  to he as great as 5 per cent when 
D/d becomes 1.2. The’ indications are that for the purpose of 
measuring flow in pipes by means o f the apparent lost head the ratio 
of D/d should be 1.5 or greater, unless the allowable error of 
measurement is  large.
It seems probable that within the range of the experi­
ments the empirical equation, Equation (7 ), w ill furnish results 
in error less than 1 per cent when D/d is 1.5 or greater, and 
within 5 per cent when D/d is 1.2. Everything points to a con­
tinuance of the same relations for materially higher ve locities  
than the maximum observed values.
The size of pipe is a factor in the relation between 
actual lost head and velocity  of flow. For a given velocity  and a 
given D/d the apparent lost head is sligh tly  smaller for small 
pipes than for large ones, a fact that is  to be expected from what 
is known concerning the discharge through o r ifice s  without velocity 
of approach.
14 0
V. RELATION BETWEEN ACTUAL LOST HEAL AND DISCHARGE.
Discharge Curves.- In Rigs. 16-18 are plotted to logar­
ithmic scale, from the data of Table 8, measured discharges against 
actual lost heads. As with similar figures in the previous chapter, 
each of the above figures shows values for  the eight o r ifice s  of a 
series. In Fig.. 16 the data of the 4-in . series are plotted, the 
values for Part 1 being shown as c ir c le s , and those for Part 2 as 
crosses. Similarly Fig. 17, for the 6-in . series, shows values for 
Parts 3 and 4 as c irc le s  and values for Part 5 as crosses. It w ill 
be recalled that for Parts 3 and 4 the same test piece was used.
In Fig. 18 are plotted the data of the 12-in. series.
It w ill be noted that the curves through the points are 
straight lines and are characteristically  the same as those for 
apparent lost head. In developing an expression showing the re la ­
tion between actual lost head and rate of flow or discharge the 
same method of procedure w ill be employed.
In Figs. 16 and 17 for some of the o r ifice s  there-are two 
curves, the fu ll  lines rex>resenting the mean of values for parts .1,
3, and 4 (c ir c le s ) , and the dotted lines representing the mean of 
values for Parts 2 and 5 (crosses). Except for two o r if ice s , the 
data of Parts 2 and 5 only include for each o r ifice  the higher 
v e lo c it ie s ; and though a number of these fa l l  beyord the.range of 
ve loc ities  that may be shown in the figures, they have, nevertheless, 
been taken into consideration in constructing the dotted curves.
For- this reason, in the following study, as much weight w ill be 
given to the dotted curves as to the fu ll ones. -■*
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FIG. 16. Discharge Curves
U|i
Tmlin }ft 1411 r
M l§§H
h ms 44#] r
. TniTft fv i j l i | i | |N 1'
j l M
^111
E
:: : ;  i-jm m s H l
■ If b
"isrH-r-i-
. -^11...,..!
.ztq_._L Im H z . -mi
H -flf T
r
i±±ifr-r-
.003 004  .005 00*  007 009 .009.001
PIG. 17. Discharge Curves - 6-in. Series
Jl
c+
ua
J 
i—
o
st
 H
eo
c/
----
--G
cr
ge
 N
o
./
 
rm
im
/T
 P
tp
e 
Ft
~i
c't
/o
r>
ischarge Curve
/
m I I IJpjft'i
33 fra:
3PjIjE;iLj
J
4 r
p S #
i |
|tjj§f9K|
f i l ■l||jj |
! jj{|
m XpTpZjti i  1
fi | |
| | |
■  I 
11* £•
■-j
P
11
■
*jrr ±Hr
i t tAS a t
1 I S TTT
144
*
A comparison of Pigs. 16-18 with Pigs. 11-13 w ill make i t  
apparent that the error of reading Gage 1 is considerably more 
than the error of reading Gage 2, as is  te s tified  by the erratic 
distribution of the plotted points for the larger o r ifice s  of Pigs. 
16-18. It is  also worth noting that, while for actual lost heads 
in general the curve is broken for an o r ifice  for which data were 
taken with more than one test piece (say, Parts 1 and 2 ), for ap­
parent lost heads the curve is continuous.
Slopes. - In Table 14 are tabulated the measured slopes 
of the 24 discharge curves, the averages for corresponding o r if ice s , 
the mean values for the three series, and the mean value for a ll 
o r ifice s . The slopes o f the curves for any one series agree within 
less than 0.5 per cent, but those for the 6-in . series are con­
sistently greater than are those for the other two series, the 
maximum variation between mean values being about 0.6 per cent. 
Considering the averages for corresponding o r if ice s , i t  w ill be seen 
that the maximum variation between averages is about 0.3 per cent, 
and from the mean, about 0.2 per cent. It w ill also be noted that 
the mean value 2.003, is  the same as with apparent lost heads.
Por any o r ifice  the deviation of the mean slope, 2.003, from the 
slope of the curve through the plotted points is  so slight that two 
curves could not well be shown in the figures. It was fe lt  that the 
uncertainties of the curves and of their slope measurements were 
of such magnitude that it  might be assumed without appreciable erroi 
that the curves were a ll of the mean slope. The curves shown in 
Pigs. 16-18 are adjusted to the mean slope, and the curves from 
which the measured slopes were taken are not shown. The amount of
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TABLE 14. SLOPES - ACTUAL LOST HEAL.
Liam. of O rifices | "m" from Curves
D=4.06”) D=6.12 L=12.15” 1 D=4V06 1 D=6M.12 J0=12". 15|Average
0.497 0.75 1.50 1.994 2.009 2.000 2.001
0.667 1.00 2.00 1.990 2.012 1.996 1.999
1.00 1.49 3.00 2.003 2.007 1.993 2.000
1.34 2.00 4.00 2.000 2.009 2.000 2.003
1.67 2.50 5.00 1.996 2.015 2.000 2.004
2.00 3.01 6.00 2.004 2.016 1.998 2.006
2.68 4.02 8.00 2.003 . 2.015 2.000 2.006
3.33 5.01 10.00 2.000 2.003 1.996 2.000
Mean 1.999 2.011 1.998 2.003
adjustment is so slight that the curves s t i l l  appear to express 
very closely  the mean of the plotted points.
Velocity Curves.-  Table 15 shows the ve locities  in pipe 
corresponding to discharges read from two points on each of the ad­
justed discharge curves, the arrangement of the table being similar 
to that of Table 10 in the previous chapter.• For those o r ifices  
for which two curves are shown (one dotted, the other f u l l ) ,  values 
of the discharge have been taken from each curve.and the velocity  
corresponding to each discharge is  shown in the table. In determin­
ing the mean velocity  for a given lost head and for each mean D/d, 
equal weight has been given to the several corresponding v e lo c it ie s , 
even though two of these were for the same o r if ic e . Here, as with
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TABLE 15. - VELOCITIES FROM DISCHARGE CURVES -ACTUAL LOST HEAD.
Curve D/d
Q r v ----------- [
Ka (
1).  ^ 1'  IT *T L d '"  (D/ d)
4 8.17 .100 100 .00221 .0690 ..0247 .768
6 8.16 .00483 .150 .0239 .743
12 8.10 .0192 .600 .0238 .744
Mean 8.14 .0241 .752 180.0 . 66.08
4 6.09 .010 100 .00128 .125 .0142 1.39
6 6.12 .00270 .264 .0134 1.31
12 6.08 .0109 1.07 .0135 1.33
Mean 6.10 .0137 1.34 55.5 37.04
4 4.06 .010 100 .00280 .277 .0311 5.08
6 4.10 .00621 .610 .0308 3.02
12 4.05 .0248 2.43 .0308 3.02
Mean 4.07 .0309 3.04 10.5 16.31
4 5.04 .010 100 .00517 .515 .0575 5.72
6 3.06 .0117 1.13 .0578 5.60
12 3.04 .0452 4.45 .0561 5.52
Mean 3.05 .0571 5.61 3.10 8.97
4 2.43 .010 10.0 .00856 .272 .0952 3.02
f. 0188 .580 .0930 2.87)
6 2.44 1.0192 .593 .0950 2.94 j
12 2.43 .0737 2.30 .0914 2.86
Mean 2.43 .0937 2.92 1.14 5.4$
(.0127 .402 .141 4.47?
4 2.03 .010 10.0 1.0130 .411 .145 4.573
(.0291 .900 .144 4.45-J
6 2.03 (.0295 .920 .146 4.553
12 2.03 .113 3.53 .140 4.38
Mean 2.03 .143 4.48 • 493 3.62
5.0280 .278 .311 3.10\
4 1.52 .010 1.00 10296 .291 .329 3.23J
6 1.52 .0656 .646 3.25 3.20
12 1.52 .246 2.45 3.05 3.01
Mean 1.52 3.18 3.13 .100 1.6d
(.0634 .200 .705 2.22?
4 1.22 .01 .100 (.0836 .266 .928 2.96?
.155 .484 .767 2.40
6 1.22 .149 .465 .738 2.30
12 1.22 .650 2.04 .806 2.53
Mean 1.22 .789 2.48 .03,4.13 0.67
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apparent lost heads, corresponding ve locities  are in general highest 
for the 4-in . series and lowest for the 12-in. series. A comparison 
of Tables 10 and 15 is of interest as showing how, for a given lost 
head, the variation between corresponding ve locities  depends on 
D/d.
In Fig. 19 are shown the velocity  curves plotted from the 
data of Table 15. The curve for each mean D/d passes through mean 
points and therefore, having the slope 2.003, is  expressed by the 
exponential equation,
(12) ^a = *a v'2.005
in which ha is  the actual lost head, Ka is  the intercept on the ha 
axis (lin e  through V = 1.00), and V is the velocity  of uniform 
flow in pipe.
Intercept Curve.-  In Table 15 in the column headed "Ka"
are recorded the measured intercepts, and in Fig. 14, page 127,
these values are plotted (except value for D/d = 1.22) against
values of (P.)£ - • "Curve a" is  a straight line passing through
these points. Its intercept is 0.0366, its  slope is  2.020, and
therefore its  equation is
r 2 “I 2.020
i£a = 0.0366 I (2) - J L
a L d D/dJ
Exact R elation .- Combining Equations (12) and (13) there
13)
results
(14)
or
(15)
ha = 0.0366 f/M\2 J _ 1  2*020L d D/d J 2.003
V =
ha
0.0366 (jD /d)^- 2iJi;0
V
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which expresses the relation between the actual lost head and the 
rate of uniform flow in the pipe.
For a ll practical purposes the exponent of V may be con­
sidered as 2.00, or the equation may be stated as,
(16) ha = 0.0366 [ ( £ ) 2 - j i j ]  E' 0£ V 2' 00
which shows that the actual lost head varies as the square of the 
velocity  and when the ratio of diameter of pipe to diameter of o r i­
fic e  is large approximately as the fourth power of D/d.
Comparison of Equation and Curves.-  The results of com­
putations based on Equation (15) and actual values read from the 
curves are compared in Table 16, and the computed quantities are 
plotted as black f i l le d  c irc les  in Figs. 16-19. It w ill be seen 
that the variation between computed ve locities  and those read from 
the curves is  very small, the maximum being about 1 per cent and 
the average being less than 0.5 per cent. There is the same char­
a cteristic  variation between the computed and actual discharges 
that we noted in the discussion of the similar table in the chapter 
dealing with apparent lost head, the computed values being smaller 
than those taken from the curves for the 4 -in .series and larger for 
the 6-in . and 12-in. series.
Revised Equation.- This indicates that the size of pipe 
has a small e ffect upon the relation between actual lost head and 
velocity , and therefore more accurate results should be obtained 
i f  Equation (16) were altered to the form
ha 0.0366GP
1 1 2.02 
D/d J y  2 . 0 0
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TABLE 16.- COMPUTED Vs ACTUAL VELOCITIES.
Computations based on Equation (15) •
D/d ha
Velocity |Dischar ge 4” (Discharge 6" (Discharge 12"
Com. Act. Com. Act.' Com. Act. Com. Act *
8.14 0.03 0.0132 .0133 .00119 .00121 .00267 .00265 .0107 .0105
8.14 10.00 .240 .240 .0216 .0219 .0485 .0480 .194 .191
6.10 0.03 .0237 .0234 .00213 .00220 .00478 .00467 .0191 .0188
6.10 10.00 .431 .426 .0388 .0398 .0870 .0840 .348 .342
4.07 0.03 .0542 .0536 .00487 .00485 .0109 .0108 .0457 .0430
4.07 10.00 .985 .985 .0687 .0880 .198 .194 .794 .777
3.05 0.03 .0991 .0985 .00892 .00895 .0200 .0200 .0799 .0786
3.05 10.00 1.80 1.79 .162 .164 .364 .359 1.45 1.40
2.43 0.03 .163 .162 .0146 .0148 .0328 .0329 .131 .128
2.43 10.00 2.95 2.95 .266 .272 .596 .590 2.38 2.30
2.03 0.03 .247 .249 .0222 .0224 .0498 .0500 .199 .195
2.03 10.00 4.49 4.46 .403 .405 .905 .904 3.62 3.54
1.52 0.03 .547 .547 .0492 .0499 .110 .113 .440 .4251.52 1.00 3.15 3.12 .283 .285 .635 .645 2.54 2.44
1.22 0 .03 1.36 1.36 .122 .127 .274 .264 1.09 1.121.22 1.00 7.81 7.80 .703 .728 1 .58 1.51 6.29 6.40
in which Cp,, the pipe factor is , 1.01 for 4-in. pipe , 0,99 for 6-in.
p ipe, and 0 .98 for 12-in.
1Jl
pipe.
Or letting q7 2- = P» = u.yu tor 4-in . pipe , 1.02 for
6-in. pipe, and 1.04 for 12-in . pipe,
(17) ha = 0.0366 E r  2
[ < £ > '
1 I 2 ’ 
D/dJ
02 p 
V * .00
Relati on of Actual to Apparent Lost Head.- Dividing
Equation (14) by Equation (3)
(
:< i>2 -  -
1 -| 2.02
(18) ^a _ o.84 1 D/dJ
hb '
o r -
99
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which expresses the relation  between actual and apparent lost heads. 
As D/d increases, the ratio approaches the unit value; and as D/d 
decreases the ratio becomes smaller. In Table 17 are tabulated the 
ratio for each mean D/d and also values determined from the velocity  
curves (Figs. 14 and 19).
TABLE 17. - RELATION BETWEEN ACTUAL AND APPARENT LOST HEADS.
D/d 1.22 1.52 2.03 2.43 3.05 4.07 6.10 8.14
Eq.18, ha/hb 0.41 0.57 0.72 0.78 0.84 0.89 0.93 0.94
Curves,ha/hb 0.35 0.57 0.73 0.79 0.85 0.91 0.95 0.95
Eq.19, ha/hb 0.35 0.56 0.73 0.80 0.85 0.91 0.95 0.96
Obviously an equation that would be easier of application 
would be of the form
1
(19) kahb Ch
f > 2 M L
( V -  3u ( a iU/cL)
2.00
in which Cb is  a variable coe ffic ien t depending upon D/d, In Pig.
20 is  shown the curve for this coe ffic ien t. It w ill be seen that 
i t  ranges in value from 0.59 for D/d = 1.22 to 0.97 for D/d = 8.14. 
In Table 17 are recorded values for ha/hb computed by Equation (19) 
the values of the coe ffic ien t Cb being taken from the curve. These 
computed values f i t  the values determined from the velocity  curves 
very closely . In Pig. 20 is also shown the curve of Equation (19).
Theoretical Equation. - It w ill be of interest to compare 
the actual lost head as measured by the curves or as determined by
9
15 3.
empirical equation with the loss that might be theoretically  ex­
pected. Between Sections 1 and 6 there may be said to take place 
three distinct losses in head - that due to sudden contraction be­
tween Section 1 and the section on the other side of the o r ifice  at
i
which the jet is  fu lly  contracted (Section 2 approximately), that 
due to expansion of the jet between the latter section and the 
section of uniform flow, and that due to pipe fr ic t ion . In deter­
mining the actual lost head (ha) the loss due to pipe fr ic t io n  has 
been eliminated. The manner of contraction seems to be not unlike 
that for an o r ifice  in the open a ir , and consequently the loss due 
to contraction may be expected to be materially the same. Then by 
B ernoulli's law
in which Gv is  the coe ffic ien t of ve locity , v is  the velocity  at 
the contracted section, and Y is the velocity  of uniform flow in
in which CG is  the coefficien t o f contraction. Substituting (21) 
in (20) there results
( 2 0 )
the pipe. The quantity
)contraction and ----— 22g 2g ’
(21) YD2 = Ccy d& ,
the loss due to expansion. Then
(22)
and assuming that Cy is 0.98, the same as in air
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(23) ha
2 2 i
* } . cc
1 , V
&  772g
2
Values of In Table 18 are shown for each D/d values
of k based on values of "Cc from Curves", Table 13. It w ill be re ­
called that these values of Cc were derived by substituting in the 
theoretical equation for apparent lost head (Equation (10)) values 
of V and h-g read from the velocity  curves of Pig. 14. Table 18 
also shows approximate values of k deduced from Freeman's C oeffi­
cients. The variation between corresponding values is in general 
small In Pig. 21 are plotted to logarithmic scale values of k 
against D/d,and smooth curves are drawn through the plotted points, 
the curve based on the present experiments being shown by a fu ll 
line and that deduced from Freeman's coe ffic ien ts  being shown as a 
dotted line . It w ill be noted that the curves are practica lly  par­
a lle l for D/d greater than 1 .5, but that they cross at D/d = 1.25.
A dash line curve connecting the fu ll  line curve near its  lower end 
shows corrected values of k based on "Spacing Tests", page 162.
Equations and Values of "k" Compared. - In the remaining 
columns of Table 18 are recorded,for a given actual lost head,the 
ve locities  computed by Equation (23) for both values of k, and by 
Equation (15) (the empirical equation), and also the ve locities  as 
read from the curves. It w ill be seen that the theoretical equa­
tion , using values of k based on the present experiments, furnishes 
ve locities  that are remarkably close to those read from the curves 
or to those computed by Equation (15). The maximum variation be­
tween the theoretical values based on the present experiments ( C0 
by Equation (10) ) and the values read from the curves is a l i t t l e
M ?
. "k" Curves.PIG. 21
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TABLE 18. - INVESTIGATION OP THEORETICAL LOST HEAL.
D/d . From Curves Prom Preeman ha
Velocity
By Eq. (23) Read
Prom
Curves
ByEq.
(lb )Cc k Cc k
k by 
Curves
k by 
Free­
manu—” ,“—
8.14 .633 11150 10.0 .241 .240 .240
6.10 .630 3517 10.0 .428 .426 .431
4.07 .619 693 10.0 .964 .985 .985
3.05 .616 208.4 .624 200 10.0 1.76 1.79 1.79 1.80
2.43 .625 74.8 .639 72.0 10.0 2.94 2.99 2.95 2.95
2.03 .636 31.7 .650 29.4 10.0 4.50 4.67 4.46 4.49
1.52 .669 6.53 .682 6.10 1.00 3.14 3.25 3.12 3.15
1.22 .771+ 1.032* .740 1.30 1.00 7.90 7.04 7.80 7.81
more than 2 per cent, and the average variation is less than 1 per
cent. Prom thi s c ompari son it  would appear, i f  Equation (23) may
be regarded as correct, that the values of "Cc Prom Curves" for 
L/d = 2.43 and L/d = 3.05 are about 1 per cent too small.
In general the values based on deductions from Preeman*s 
coefj icients are materially too high. Had Weisbach’ s coe ffic ien ts  
been used as a basis the resulting v e locities  would have been much 
closer to those for which the values of the coe ffic ien t of contrac­
tion as determined by Equation (10) were used, a fact that is  ap­
parent from the close agreement between corresponding coe ffic ien ts  
in Table 13, or by examination o f Pig. 22 which shows curves for 
the coe ffic ien t of contraction as determined by wei sbach, as de­
duced from Freeman’ s coe ffic ien ts , and as determined by Equation 
(10).
,v mi+ , *Po£ uni f °rm flow at Section 1 the value of k w ill be about 1.15. see "Spacing Tests", page 162.
f Actually about 0.753.
/ S 7
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Correction for Size of Pipe.-  In the fina l development of 
the empirical equation for actual lost head, Equation (17), i t  was 
shown that for a given velocity  and for a given D/d the lost head 
depends slightly  upon the size of pipe, and the factor F was in tro­
duced to express this dependence. It is evident that the same r e l ­
ations would obtain in the theoretical equation, and therefore Equa­
tion (23) should be of the form
2
(2 4 ) ha = P £  [ o .041 (D /4 > \  I j .  + i -  - l ) ~ ]  = i’ k f g
in which F takes the values 0.98 for 4-in . pipe, 1.02 for 6-in. 
pipe, and 1.04 for 12-in. pipe.
Summary . - The empirical equation, Equation (17), makes 
the relation  between actual lost head and velocity  of flow compar­
atively simple and may be expected to produce values correct within 
1 per cent, except when D/d becomes less than 1.5. For D/d = 1.22 
the equation gives results about 1.4 per cent too low.
The evidently large errors of observing for the larger 
o r ifice s  of each series make it  plain that, for the pxirpose of 
measuring flow, observations of actual lost head may not be expectec 
to be as precise as those of apparent lost head under similar con­
ditions. The uncertainties of the corrections for pipe fr ic t io n , 
which must be applied to gage readings to obtain the actual lost 
head due to the o r if ic e , s t i l l  further emphasize the im practicabil­
ity  of using the readings of Gage 1 or a gage similarly connected 
to the pipe as a means of accurately measuring flow.
The theoretical equation, Equation (23), maxes it  clear 
that, regardless of the ratio of D/d, the actual lost head is  made 
up of the loss due to contraction (as with the standard o r if ice )
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and the loss due to the change in velocity  heads between the con­
tracted section and the section of uniform flow.
The comparison between theoretical values computed by usin;’ 
the coe ffic ien ts of contraction calculated in the preceding chapter 
make it  seem evident that these coe ffic ien ts  are practica lly  correct 
(except for D/d = 1.22)* and that the je t was fu lly  contracted at 
Section 2, regardless of the size of o r if ice ; and the suppositions 
of the theoretical equation for apparent lost head are therefore 
warranted.
Since the coeffic ien ts of contraction here derived make 
the theoretical values f i t  the observed values, not only for appar­
ent lost head but also for actual lost head, better than do c o e f f i ­
cients deduced from Weisbach's and Freeman's experiments with d is­
charge in the open a ir , it  seems safe to say that (except for D/d - 
1.22) they more nearly express the true values.
The size of pipe is a factor for consideration, and has 
been cared for by introducing a variable coe ffic ien t in the final 
forms of the theoretical and empirical expressions. For a given 
lost head and a given D/d, the smaller the pipe ( and hence the 
smaller the o r i f ic e ) ,  the greater the velocity  (and hence the great­
er the coe ffic ien t o f discharge); a ll o f which is to be expected in 
view of the fact that the generally accepted coe ffic ien ts  of d is ­
charge without velocity  of approach are greater for small o r ifice s  
than for large ones,
’See "Spacing Tests", page 162.
VI. EFFECT OF VARYING CONDITIONS.
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General Remarks. - The two preceding chapters have made 
it  evident that, for the conditions under which the experiments 
were conducted, there exists quite simple and definite relations 
between lost head and velocity  of flow. Bearing in mind the prac­
tica l p oss ib ilit ie s  of u tiliz in g  the relation  between what has been 
termed the apparent lost head and the velocity  of flow for deter­
mining the rate o f discharge through a pipe lin e , it  is  important 
that something should be known concerning the e ffect o f slight 
changes, either in the arrangement of apparatus or in methods of 
handling the apparatus To this end a number of tests were conduct­
ed, and by use of the data collected  endeavor w ill be made in the 
following pages to show the e ffect of not throttling the gage, the 
e ffect of small changes in the position of sections at which piez­
ometer tubes are inserted, the e ffect of the center of the o r ifice  
not being on the center line of the p ipe, and the e ffe c t  of the 
number and location of piezometer tubes at the sections.
Although the relation that has been shown between actual 
lost head and velocity  of flow is important, it  is  clear that the 
uncertainty of pipe fr ic t io n  and of gage readings would preclude 
the use of Gage 1 where accurate measurement of flow was the prim­
ary factor for consideration. For this reason in studying the e f ­
fect of changing conditions, no attention has been given to the 
actual lost head (Gage 1).
Importance of Thrott lin g .-  In Fig. 23 are plotted the 
apparent lost heads of Observations 457-529 (Table 8) of the 6-in. 
series. These observations were taken with only one piezometer
mns.
' e c m  o f  Matte,.
•e C u r v e s(T/i,
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tube at each section and without throttling the gage. A comparison 
with the plotted points for the same or ifice s  with gage throttled, 
which are shown in Fig. 12, page 123,, w ill lead to an appreciation 
of the necessity of careful throttling, even though the flow may be 
quite steady. The fu ll lines are the curves for the mean points 
of Fig. 12; the dash lines are estimated to be through the mean of 
points plotted in the figure. For each o r if ice  the curves are 
neither of the same slope nor approximately coincident.
Spacing Tests.-  In order to determine whether or not 
there would be any e ffect upon gage readings from small changes in 
the positions of Sections 1 and 2, piezometer tubes were inserted 
in the 4-in . test piece as shown in Fig. 24. Gage 2 was so con­
nected to the tubes that, by means of the valves, pressures could
n tt
a  /#
K
*
/
e o 7# G a g e .
P i e z o m e t e r  Tu b e s  -  S
FIG. 24.- Position of Sections for "Spacing Tests"
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be transmitted from any two. The spacing for the tubes F and G is  
the same as for Sections 1 and 2 of Part 5, 4-in . series, and the 
distance from the o r ifice  plate to tubes E and H is increased by 
1 3/8 in.
In Table 19 are recorded the observations taken with the 
2 .00 -in ., 2 .68 -in ., and 3.33-in. o r ifice s  for various rates of d is­
charge. The letters at the head of each column in which are re ­
corded gage readings indicate the tubes that were open to the gage. 
Where more than one observation was taken on the gage with the same 
tubes open and during the time that a discharge measurement was 
being made, the observed values have been grouped one above another 
opposite a single observation number. Where the mercury gage was 
used, the equivalent heads in feet of water are shown, although 
this is  unnecessary as far as comparison is concerned.
With the 2-in . o r if ice  (D/d = 2 .03), taking into consid­
eration the errors of observing, a study of the table w ill show 
that there is  no e ffect due to changing the gage connections from 
F to E or from G to H. Or in other words, i t  is  evident that 
when D/d is 2 or greater, the distance from the o r ifice  to Section 
1 or 2 may be increased to 0.6 the diameter of the pipe without 
appreciably changing the gage readings for apparent lost head.
A similar study of the observations for the 2 .68-in. o r i­
f ic e  (D/d = 1.52) w ill show that while there is no appreciable 
difference between the lost head with gage connected from F to G 
and with gage connected from E to G, there is  a decrease in the 
readings of perhaps 2 per cent when the gage connection below 
(towards discharge) the o r if ice  is  shifted from G to E. This makes
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i t  evident that between E and F there is a condition of uniform 
flow, but that the jet has appreciably expanded between G and H.
Therefore when D/d has become as small as 1 .5, while the position
of Section 1 may be farther away from the o r if ice  than i t  was for 
the tests described in the previous chapters, the position of Sec­
tion 2 may not be much altered without changing the relation between 
the gage reading (apparent lost head) and velocity  o f flow.
The record for the 3.33-in. o r if ice  (D/d = 1.22) indicates 
a much greater decrease in the readings for connections E to H and 
P to H, and also a slight tendency for readings E to G to be greater 
(on the average about 1.4 per cent) than readings P to H. It is 
therefore evident that when D/d = 1.22 a small displacement of the
piezometer tubes below the o r if ice  (at Section 2) w ill produce rad­
ica lly  d iffering gage readings; and this doubtless partia lly  account; 
for the large variations that w e r e  noted in the chapter dealing with 
apparent lost head.
The fact that readings E to G are greater than those F 
to G indicates that at P (Section 1 for the main experiments) there 
is not a condition of uniform flow; and for th is reason the coe f­
fic ien t of contraction for D/d = 1.22, which was determined by the 
theoretical equation for apparent lost head (Equation (1 0 )), is not
to be regarded as correct. I f ,  however, it  is  assumed that there
\
is  uniform flow at E, since the increase in the lo st head is  1.4 
per cent, the coe ffic ien t of contraction would, by Equation (10), 
be reduced to 0.753, which is  within 0.5 per cent of the value 
deduced from Weisbach's experiments. It is  evident that, for D/d 
less than 1.5, the empirical expressions for apparent lost head
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TABLE 19 . -  SPACING TESTS ON 4-IN. PIPE.
2. 00 in. O rifice. D/d = Fcl. 03
crBs. > - “2- Gage Headings Cu.Ft.
No. F-G E-G E-H F-H Sec.
851 0.010
l A-
0.011 0.011
7
0.011 0.0134
852 0 . 014 0.015 . 0.015 0.014 0.0140
853 0.024 0.024 0.024 0.024 0.0190
854 0.039
$0,063
0.039 0.039 0.038 0.0222
855 tO.062 
$0,105
0.063 0.063 0.063 0.0281
856 tO.102 0.105 0.105 0.105 0.0365
(0 . 145 ***is
857 10.150 0.150 0.152- 0.132 0.0435
858 0.260 0.261 0.261 0.262 0.0574
859 0.425
$0,640
0.432 0 . 430 0.430 0.0733
860 (0.630 0.635 0.640 1 0.645 0.0882
861 1.015
$1.58
1.015 1.015 1.020 0.112
862 11.54
$2.61
1.57 1.56 1.57 0.139
863 12.62 2.63 2.59 2.61 0.178
4.12 4.12 4.12 4.12
864 .327 .327 .327 .327 0.226
6.18 6.18 6.18 6.18
865 ~~4§0 .490 .490 .490 0.275
10/3 10.3 10.5 10.3.
866 .82 .82 .83 .82 0.359
15.0 14.9 15.0 15.1
867 1.19 1.18 1.19 1.20 0.424
(25.4 (25.4 (25.5 (25.6
1 2:02 ] 2.03 j a .03 \ 2.03
868  ^ 2.00  ^ 2.00 i 2.01  ^ 2.02 0.542
49.2 49.2 49.2 48.9
3.87
869 3.93 3.90 3.90 3.88 . 0.756
2.68 in Orifi ce D/d = 1.52
870 0.010 0.010 0.009 0.009 0.0227
871 0.016 0.016 0.015 0.015 - ^ 0.0370
872 0.026 0.026 0.024 0.024 - ^ 0.0358
873 0.041 0.042 0.C40 0.040 - *.* 0.0453
874 0.066
(0.105
0.066 0.064 0.065 -tS 0.0561
875 10.103 0.105 ' u0 0.102 0.102 0.0708
876 0.162 0.163 + 0.160 0.159 -f.f 0.0875
877 0.240 
c0.412
0.241 * *  0.238 0.237 -'•* 0.106
878 10.410 0.409 0.411 0.411 0 0.140
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TABLE 19 (Cont* d.) - SPAGIHG TESTS 1O IN. PIPE.
2.68 in. O rifice D/d = 1.52
Obs. Gage Readings Cu. Ft.
Ho. F-G E-G E-H F-E Sec.
879 0.672 0.671 0.665 0. 665 - /.^  Y* 0.177
880 1.04 1.04 1.02 1. 02 ~/,f 0.221
881 1.56 1.57 1.53 1. 52 - 7-r* 0.271
882 2.59 2.57 2.52 2. 51 — 3 , / 0.346
3.91 3.90 - 3 3.86 3. 79 -3;/
883 0.310 0.309 0.306 0. 301 0.418
6.50 6.50 6.38 6. 35 - ±3
884 0.516 0.516 0.506 0. 504 0.442
10.3 10.4 r 10.1 10. 1U03
-/ft
885 0. '821 0.824 “ 07503 0. 0.679
14.4 14.4 14.1 14. 0 - ZA
886 1 14 1.14 1.12 1. 11
-t.t
0.800
(24.4 (24.4 ( 23.8 (23. 8
j 1.94 ) 1.93 ]i \ 1. 88 . t
887  ^ 1.93 9 1.94 {-1 ,89 1 1. 89 „ 1 1.04
37.3 37.4 + 36.3 36. 0 - 3 .3*
888 2.96 2.97 2.88 2. 86 1.28
3.33 in. O rifice D/d = 1« .22
889 0.010 0.013 0.009 0.,009 0.0460
890 0.014 0.015 0.012 0,.012 0.0552
891 0.027 0.029 0.021 0..020 0.0740
892 0.040 0.041 0.040 . 0-.038 0.101
(0.068 0.115893 10.065 0.068 0.050 0,.050
894 0.100 0.101 0.072 0 .072 - * 0.141
$0,150 * z 7, f 0.174895 (0.155 0.155 1. (* 0.110 0 .110
f0.260 0.228896 J0.260 0.265 + ! 5 0.194 0 .188 -^ .7.7
897 0.590 0.400 ' +z.t 0.286 0 .280 ~ 2.S’ * 0.278
(0.645 rtf * 0.390898 10.657 0.662 0.472 0 .465
(0.980 0.431899 10.980 0.990 + 1,0 0.705 0 .745
f 1.52  ^2. 5
900 11.53 1.54 *b/' o 1.10 1 .08 0.539
901
902
13.05
!3.07
4.00( 4 .  r
— 5 \
(• . 320 <■
6 .2 4
3 .0 8  /•».->
4 .0 5  j'/T.
.322
6.30 w. o
903 .495 .500.
2.18 - * *•
' 2 .8 4  .
0 .767
. .225 
4 .35  ^
.345
0 .8 75
1.09
"11.5 r8.19 
) '
f 8.0 7 0
904 ( .895 l .915 t ,650 l  .640
(19.0 ( 
i 1.50
19.2 +ti 13.9 (13.5
905 (1 .51  ([ 1.52 } 1.10 | 1.07
1.47
1 .9 0
I'li ,0
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developed in Chapter IV are not applicable (without considerable 
error) i f  the position o f Section 1 is  altered to a section of uni­
form flow; that values of the actual lost head for D/d = 1.22 com­
puted by Equation f17  ^ w ill be about 1.4 per cent too small; and 
that, assuming the coe ffic ien t of contraction as 0.753, the value 
of k in Equations (2.3) and (24) w ill be about 1.15. Figs. 21 and 22, 
pages 155 and 157, show curves for corrected values of k and Cc .
Off Center T ests.- To determine the e ffect of not having 
the center of the o r ifice  coincident with the center of the pipe, 
tests were made on the 4-in . pipe with o r ifice s  1/4 in. o ff  center, 
piezometer tubes being inserted at the top and bottom of Sections 1, 
and 2 as shown in Fig. 6, page 18, and the distances to Section 1
168
and 2 being the same as for Part 2, 4 -in . series. Tests were made 
with o r ifices  ranging from 1.33 in. diameter to 3.33 in. diamter 
with the center of the o r ifice  l A  in. below the center of the pipe, 
and with the center of the o r ifice  1 / 4 in. above for the 3.33-in. 
and 2.68-in. o r if ice s . Fig. 25 shows the symbols for the four 
piezometer tubes and the distances from the o r ifice  plate to the 
sections at which tubes were inserted. The arrow indicates the d i­
rection of flow. Hose leading from Gage 2 were connected as shown 
in Figs. 6 and 7 (one hose shown in Fig. 7 leads from Gage 1 to 
Section 1 and is of no account h ere), and by means of the valves it  
was possible to shut o f f  the pressure from any of the piezometer 
tubes.
In Table 20 are recorded the gage observations for various 
rates of flow, Column 2 giving readings with a ll four valves open, 
and the following four columns giving respectively the readings with! 
the valve at A closed, the valve at B closed, etc. Where the mer­
cury gage was used the equivalent water column has been shown above 
the reading for mercury and has been underlined.
A study of the table w ill make i t  evident that for the 
1 .3 3 -in ., 1.67-in. and 2.00-in. o r ifice s  there is  no apparent e f ­
fect from being o f f  center, the readings for a given rate of d is­
charge being practica lly  the same regardless o f which tube is  closed. 
But with the 2.68-in. o r ifice  there is a tendency towards consist­
ent variation between corresponding readings. With the o r if ice  
below, the readings with B closed and with I) closed are greater 
than those with A closed and with C closed; and with the o r ifice  
above, the reverse is true. With the o r if ice  below the tendency
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TABLE 20. - OPE CENTER TESTS - 4-in. PIPE.
1.33-in. O rifice . 1/4 in. Below, D/d = 3.05
Obs. Gage Readings. Cu. Pt.
No. All Open A Cl. B Cl. C Cl. D Cl. Sec.
6.22 6.17 6.17 6.17 6.20
0.490906 0.493 0.490 0.490 0.490 0.495 0.119
9.83 9.83 9.95 9.95 9.83907 0.78 0.78 oTW 0.79 0.78 0.150
17.0 17.1 17.1 17.1 17.1
908 1.35 1.36 1.36 1.36 1.36 0.197
32.9 32.9 32.9 32.8 32.9
909 2.61 2.61 2.61 2.60 2.61 0.274
50.0 50.0 50.0 50.0 50.0910 3.97 3.97 3.9 7 3.97 3.97 0.338
1.67-in. O rifice 1/4 in. Below D/d = 2.43
911 1.05 1.06 1.06 1.06 1.07 0.0798
912 1.465 1.465 1.465 1.460 1.470 0.0926
2.39 2.39 2.39 2.39 2.39
913 0.190 0.190 0.190 0.190 0.190 0.118
4.10 4.10 4.16 4.10 4.16914 0.325 0.325 0.330 0.325 0.330 0.155
6.37 6.37 6.37 6.37 6.37
915 07505 0.505 0.505 0.505 0.505 0.194
9.96 9.96 9.96 9.96 9.96916 0.79 0.79 0.79 0.79 0.79 0.230
15.2 15.2 15.1 15.1 15.11.20
917 1.21 1.21 1.20 1.20 1.2C 0.303
26.5 26.5 26.5 26.5 26.6918 ~ O o 2.10 2.10 2.10 2.11 0.383
38.8 38. 7 38.7 38. 7 39.13.09
919 3.08 3.07 3.07 3.07 3.10 0.459
51.2 51.2 50.7 50.7 51.2
920 4.06 4.06 4.02 4.02 4.06 0.535
170
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TABLE 20.- (Oont'd.) OFF CENTER TESTS - 4 -in . 
OO-in, O rifice 1/4 in. Below
PIPE.
D/d =2 .03
Obs. Gage Readings. Cu. Ft.
Ho. All Open A Cl. B Cl. C Cl. D Cl. Sec.
921 0.010 0.01 0.01 0.01 0.01 0.0105
922 0.015 0.015 0.015 0.015 0.015 0.0132
923 0.028 0.028 0.028 0.028 0.028 0.0185
924 0.042 0.042 0.042 0.042 0.042 0.0229
925 0.065 0.065 0.065 0.065 0.065 0.0290
926 0.100 0.101 0.101 0.100 0.102 0.0355
0.152927 0.148 0.150 0.151 0.146 0.151 0.0437
928 0.222 0.216 0.222 0.219 0.227 0.0524
929 0.410 0.410 0.395 0.412 0.410 0.0710
930 0.625 0.612 0.625 0.620 0.630 0.0874
931 1.03 1.02 1.04 1.03 1.05 0.112
932 1.55 1.53 1.57 1.53 1.56 0.139
933 2.42 2.40 2.40 2.38 2.44 0.174
4.03 3.97 4.10 3.97 4.10
934 0.320 0.315 0.325 0.315 07325 0.222
6.43 6J50 6.50 6.43 6.68
0.520
935 0.50 0.515 0.515 0.510 0.530 0.274
9.89 9.84 9.84 9.71 9.95
936 0.785 0.78 0.78 Q .l l 0.79 0.338
15.7 15.6 15.8 15.5 15.8
T7£4
937 1.25 1.24 1.25r 1.23 1.25 0.428
39.7 39.6 39.7 39.2 39.8
938 3.15 3.14 3.15 3.11 3.16 0.676
50.4 50.0 50.4 49.8 50.7
939 4.00 3.97 4.00 3.95 4.02 0.771
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TABLE 20. - f Cont' d . ) OPE CENTER TESTS - 4-in . PIPE
2. 68-in. O rifice 1/4 in. Below P/d = 1.52
Obs. Gage Readings Cu. Et.
No. All Open A Cl. B Cl. C Cl. I),Cl. S 0 c *
940 0.010 0.010 0.010 0.010 0.010 0.0198
941 0.014 0.013 0.012 0.013 0.013 0.0242
942 0.029 0.028 0.028 0.027 0.026 0.0364
943 0.039 0.039 0.039 0.038 0.035 0.0430
944 0.064 0.064 0.064 0.065 0.066 0.0555
945 0.106 0.106 0.105 0.107 0.104 0.0707
946 0.148 0.148 0.148 0.148 0.149 0.0847
947 0.258 0.258 0.260 0.259 0.258 0.108
948 0.391 0.390 0.390 0.388 0.390 0.135
949 0.680 0.680 0.680 0.685 0.690 0.181
950 1.02 1.01 1.02 1.01 1.02 0.219
951 1.51 1.50 1.52 1.51 1.51 0.270
952 2.49 2.46 2.50 2.46 2,49 0.342
953
4.16
0.330
4.16
OTSlsO
4.16
Q T z SQ
4.16
0.330
4.16
0.330 0.429
954
6.36
0.505
6.30
0.500
6.40 
0.507
6.30
0.500
6.37
0.505 0.541
955
10.1 
0.80
10.1
0.80
10.2
0.81
10.2
0.81
10.3
0.82 0.686
956
15.1
1.20
14.8
1.17
15.0
1.19
14.9
1.16
15.1
1.20 0.815
957
25.0
1.98
24.6
1.95
25.0
1.98
24.5
1.94
25.2
2.00 1.06
958
41.2
5.27
40.6
3.22
41.2
3.27
40.4
3.21
41.2
3.27 1.37
TABLE 20. - (Gont'd). OFF CENTER TESTS 
2.68-in. O rifice 1/4 in. Above
172
- 4-in . PIPE.
D/d = 1.52
Obs, Gage Readings Cu.Ft.
No. All Open A Cl. B Cl. C Gl.. D Cl. Sec.
959 0.248 0.251 0.244 0.252 0.244 0.110
960 0.380 0.396 0.381 0.386 0.377 0.140
961 0.671 0.685 0.668 0.675 0.670 0.179
1.00
962 1.03 1.03 1.01 1.025 0.99 0.217
965 1.56 1.59 1.54# 1.58 1.55 0.262
964 2.45 2.52 2.41 2.50 2.42 0.331
3.97 4.03 3.90 4.01 3.96
965 0.315 0.320 0.310 0.318 0.5>14 0.424
5.58 5.71 5.50 5.74 «3»oO
966 0.443 0.453 0.436 0.455 0.436 0.508
9.01 9.28 8.99' 9.07 8.92
967 0.710
0.720 0.736 0.713 0. 720 0.708 0.754
13.4 13.9 13.3 13.7 13.3
1.07
968 1.06 1.10 1.06 1.09 1.06 0.788
25.7 26.4 25.3 26.2 25.2
2.03
969 2.05 2.09 2.01 2.08 2.00 1.08
38.9 39.7 38.3 39.7 38.3
970 3.09 3.15 3.04 "3 3 5 3.04 1.34
3.33 -in . O rifice 1/4 in. Belcw D/d = 1 .22
971 0.010 0.010 0.010 0.009 0.011 0.0452
972 0.016 0.014 0.019 0.013 0.019 0.0561
973 0.026 0.023 0.050 0.022 0.030 0.0710
974 0.035 0.030 0.039 0.030 0.040 0.0837
975 0.064 0.058 0.069 0.053 0.071 0.114
......
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TABLE 20. ( Cont'd. )- OFF CEHTER TESTS - 4-in . PIPE.
3 .33-in. O rifice 1/4 in.. Below D/d = 1.22
0Fs7 Gage Readings Cu.Ft.
Ho. All Open A 01. B Cl. C Cl. D Cl. Sec.
976 0.098 0.090 0.102 0.086 0.108 0.141
977 0.158 0.140 0.165 0.135 0.173 0.180
978 0.252 0.236 0.270 0.213 0.290 0.227
979 8 :4i® 0.378 0.433 0.356 0.465' 0.286
980 0.67 0.60 0.68 0.57 0.74 0.368
981 0.95 \
1.51
0.87 1.00 # 0.83 1.08 0.432
982 1.38 1.56 1.31 1.70 0.537
983 2.39 2.18 2.47 2.09 2.70 0.685
1
984
4.28
0.340
3.82
0.303
4.38
0.348
3.65
0.290
4.66
0.370 0.877
985
6.43 
0.510
5.80
0.460
6.58
0.522
5.56 
0.441
7.13
0.566 1.11
986
10.1
0.800
9.12
0.724
10.5
0.830
8.75
0.695
11.3
0.898 1.39
987
15.5
1723
14.0
1.11
16.0
1.27
13.4
1.06
17.3
1.37 1.73
3.33-in. O rifice 1/4 in. Above D/d = 1.22
988 0.260 0.280 0.250 0.290 0.230 0.230
989
0.410
0.410 0.438 0.390 0.460 0.365 0.278
990
0.660
0.643 0.705 0.630 0.735 0.590 0.365
991 1.035 • 1.090 0.975 1.145 0.920 0.452
992
1.86
0.145
0.150
2.02
0.160
1.82
0.144
2.08
0.165
1.64
0.130 0.602
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TABLE 20. (Cont' a.) - OFF CENTER TESTS - 4-in . PIPE.
3. 33-in. O rifice 1/4 in. Above D /d II ro to
Cbs. Gage Reading:s Cu. Ft.
Ho. All Open ~ A Cl. B Cl. C ; Cl . D Cl. Sec.
2.46
0.195
2.33 2.77 2.18
993 0.195 0.210 0.185 0.220 0.173 0.694
3.56
oTSFo
3.78 3.40 3.97 3.15
994 0.285 ooo 0.270 0.315 0.250 0.832
6.27 6.75 5.99 7.00 5.55
0.495
995 0.500 0.535 0.475 0.555 0.440 1.11
9.76
Q~7n
10.5 9.33 11.0 8.70
996 0.78 0.83 0.74 0.87 0.69 1.39
12.3 13.4 11.8 13.9 H . l0.97
997 0.99 1.06 0.94 1.10 0.88 1.56
17.5 18.7 16.9 19.4 15.6
1.38
998 1.40 1.48 1.34 1.54 1.24 1.86
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to variation is not marked, but with the o r if ice  above^the readings 
with A closed and with G closed average about 2 per cent higher 
than corresponding readings with a ll tubes open; while with B open 
and D open the readings average perhaps 2 per cent lower. From the 
displacement of the o r if ice  apparently there is as much e ffect on 
the pressure head at a given point, say the top, at Section 1 as at 
a corresponding point at Section 2; and at either section the pres­
sure is greatest at the piezometer tube farthest from the center 
of the o r if ic e .
The observations for the 3.33-in. o r if ice  show the same 
characteristic method of variation, but the variations are much 
larger. In Table 21 are recorded the percentage variations of the 
readings with A, B, G, and D closed from the reading with a ll 
valves open. It w ill be seen that the e ffect is considerably 
greater on the pressure at Section 2 than on the pressure at Sec­
tion 1, and that the mean values with the o r ifice  in one position 
are approximately the same as with the o r ifice  reversed, but with 
the opposite sign.
It is worth noting that the mean variation with either 
o f the valves above the pipe (A or G) closed is greater than that 
with the corresponding valve (B or D) below closed, regardless o f 
the position  of the o r if ic e . This points either to a constant 
error due to placing the piezometer tubes or to a different condi­
tion of flow near the top of the pipe from that existing in the
bottom of the pipe when the o r ifice  is  reversed.
For the 3.33-in. o r ifice  (D/d = 1 .22), on the average the 
e ffect of the 1 /4-in . eccentricity is 12 per cent at Section 2 and
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Table 21, - Variation of Pressures - D/d. = 1.22
Orifiee 1/4 in. Below. 4" pipe.
Obs.
Wo.
Cu. Ft 
Sec. A Cl
■/o Variation 
B Cl
from
C Cl
All
D
open
Cl.
971 C.0452 0.0 0.0 -10.0 + 10.0972 0.0561 -12.0 + 19.0 -19.0 + 19 .0973 0.0710 -11.0 + 15.0 -15.0 + 15.0974 0.0837 -14.0 + 11.0 -14.0 + 14.0975 0.114 - 9.4 + 7.8 -17.0 + 11.0976 0.141 - 8.2 + 4.1 -12.2 + 10.2977 0.180 -11.4 4.4 -14.6 + 9.5978 0.227 - 6.4 + 7.2 -15.5 + 6.4979 0.286 - 9.1 + 4.1 -14.4 + 11.8980 0.368 -10.4 •f 1.5 -14.9 + 10.4981 0.432 - 7.9 + 5.6 -13.3 + 14.4982 0.537 - 8.6 + 3.5 -13.3 + 12.6983 0.685 - 8.8 + 3.3 -12.6 + 12.9984 0.877 -10.7 + 2.3 -14.7 + 8.9985 1.11 - 9.0 + 2.3 -13.5 + 10.9986 1.39 * 8.8 + 4.0 -13.4 + 11.9987 1.73 - 9.7 + 3.2 -13.5 +11.6Mean -  8.3 + 3.8 -13.8 +11.0
O rifice 1/4 in. Above.
988 0.230 + 7.7 3.8 + 11.5 -11.5989 0.278 + 6.8 - 4.9 + 12.2 -11.0990 0.365 + 6.8 - 4.5 + 11.4 -10.6991 0.452 + 5.3 - 5.3 + 10.6 -11.1992 0.602 + 8.6 - 2.2 + 11.9 -12.9993 0.694 + 7.3 - 5.3 + 12.6 -11.4994 0.832 + 6.2 - 4.5 + 11.5 -11.5995 1.11 + 7.7 - 4.5 + 11.6 -11.5996 1.39 + 3.0 - 4.5 + 12.7 -10.9997 1.56 + 9.0 - 4 0 + 13.0 - 9.8998 1.86 + 6.9 - 3.4 + 10.9 -10.9Mean + 6.9 - 4.2 + 11.8 -11.2
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6 per cent at Section 1. Assuming the gage reading with a ll valves 
open closely  approximates what i t  would he were the o r ifice  center­
ed, the error due to reading a gage connected to piezometer tubes 
inserted at the tops of sections only or at the bottoms of sections 
only would be something like 18 per cent. For the 2.68-in. o r if ice  
(D/d = 1 .52), following the same assumption, the error might be 4 
per cent. It seems very probable that the e ffe ct for a correspond­
ing eccentricity  (that is , the same relation to the diameter of the 
pipe) with other sizes of pipe would produce a similar e ffe c t . Con­
sidering the practical d if f ic u lt ie s  of ascertaining whether or not 
the o r ifice  is centered, the necessity for piezometer tubes on op­
posite sides of the pipe at each section, when the larger o r ifice s  
are used, w ill be readily appreciated.
To compare the differences in head measured with a ll 
valves open with corresponding values taken with the o r ifice  cen­
tered the data of the second and last columns ("A ll Open" and "Cu. 
f t .  S ec."), have been plotted to logarithmic scale, as small c i r ­
cles in Fig. 26, which also shows the mean discharge curves, but no ; 
the plotted points, of the 4-in . series (Fig. 11). It w ill be 
seen that the points for the o ff  center observations practica lly  
fa l l  on the mean curves, except for D/d = 1.22; and there, in view 
of the possible sources of error, one may hardly draw definite con­
clusions. It seems safe to say that there is very l i t t l e  i f  any 
e ffect of an eccentricity  as great as D/16, regardless of 'the size 
of o r if ice , provided there are two piezometer tubes inserted on 
opposite sides of the pipe at each section. ( I t  goes without say­
ing that any increase above two w ill have no deleterious e ffe c t , 
providing the tubes are evenly spaced about each section .)
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Location of Piezometer Tubes.- To ascertain whether or 
not any e ffect upon the gage readings would result from a lateral 
change in the position of the piezometer tubes at Sections 1 and 2, 
observations were made, for various o r ifice s  and various rates of 
flow, to determine the difference in pressure between the tops of 
Sections 1 and 2, and between the bottoms. The method of inserting 
the piezometer tubes and connecting them with the gage was the same 
as that shown in Pig. 6, page 18 , For each rate of flow the method 
of procedure was to read the gage with a ll four valves open, with 
only the upper valves open, and with only the lower valves open.
In each case the o r if ice  was carefully centered by driving slightly  
tapering bars through the bolt holes of the flanges and o r if ice  
plate, and the bolt holes in the o r ifice  plate were the same size 
as those in the flanges.
In Table 22 are recorded the observations for the two 
largest o r ifice s  used with the 4-in . and 6-in. pipes. For the 4 -in . 
pipe the.variations between corresponding readings are small and 
are as lik e ly  to be in one direction as in the other. With the 
6-in. pipe ana 4.02-in. o r ifice  the same is  true, but with the 5.01-T 
in. o r ifice  i t  w ill be seen that with the gage connected to the up­
per piezometer tubes the readings are consistently greater than the 
corresponding readings with a ll valves open; while with the gage 
connected to the lower tubes the readings are consistently less. 
However, when i t  is  recalled that an eccentricity  of D/16 may pro­
duce a variation of 18 per cent and when it  is  noted that the aver­
age variation in the present instance is less than 2 per cent, the 
differences seem more than likely  to be due to a slight eccentricity  
of the o r if ic e . I f  there were any variation in difference in
TABLE 22.- E ffect of Position of Piezometer Tubes 
O rifice - 2.68 in. diam. D/d - 1.52
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.-  4-in . Pipe.
Obs. 
HO.
dage Readings Cu.Ft. 
Sec.All
Open
Top
Open
Bottom
Open
7.18 7.13 7,13
999 OToT 0.565 07765 0.559
10.1 10.1 10.1
1000 0.80 0.80 0.80 0.666
12.9 12.7 12.7
1001 1.02 1.01 1.01 0.755
20.0 19.9 20.2
1002 1.7)9 1.58
■P
1.60 0.948
27.4 27.3 27.4
1003 2.17 2.165 2.17 1.11
35.9 35.8 35.9
1004 2.85 2.84 2.85 1.26
47.7 47.4 47.7
~3775
1005 3.81 3.76 3.78 1.44
O rifi ce 3.33 in. diam. 22
2.33 2.33 2.27
1006 OTTO 0.185 oTTSo 0.649
3.15 3.22 3.22
1007 0.250 0.255 0.255 0.759
4.41 4.41 4.28
1008 o73Fo 0.350 0.340 0.887
5.61 5.61 5.61
1009 0.445 0.445 0.445 1.01
10.3 10.4 10.3
1010 0.815 0.825 0.815 1.36
8.38 8.38 8-13
1011 0.665 0.665 0.645 1.23
12.9 12.9 12.9
1012 1.02 1.025 1.025 1.51
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TABLE 22. ( Cont rd.) - E ffect of position of Piezometer Tubes.
4-in . Pipe
O rifice 3.33 in. diam. D/d = 1.22
Obs. Gage Readings Qu.Ft.
Bo. All Open Top Open Bottom Open Sec.
1013
18.1
1.44
18.3
1.45
18.0
1.43 1.81
1014
25.2
2.01
1.99
25.4
2.02
25.1
1.99 2.16
- 6-in. Pipe
O rifice 4.02-in. diam. D/d = 1.52
1015
1016
0.010
0.0150.016
0.010
0.D16
0.010
0.015
0.0472
0.0584
1017
0.024 
0.025 0.024 0.024 0.0755
1018 0.056 0.036 0.036 0.0927
1019 0.048 0 048 0.048 0.109
1020 0.045 0.046 0.046 0.106
1021 0.064 0.066 0.064 0.123
1022 0.085 0.085 0.084 0.135
1023 0.0980.100 0.098 0.098 0.155
1024 0.145 0.148 0.145 0.192
1025 0.230 0.230 0.230 0.241
1026 0.315 0.315 0.315 0.277
1027
0.46
0.46 0.465 0.455 0.330
1028
0.70
0.70 0.705 0 695 0.404
1029
0.825
0.83 0.835 0.825 0.439
TABLE 22. ( C ont'd .) -
182
Effect of Position of Piezometer Tubes.
O rifice 4.02 in.
6-in, Pipe 
diam. D/d = 1.52
Obs. Gage Readings Cu Et.
Ho. All Open Top Open Bottom Open Sec.
1030
0.93
0.97 0.96 0.95 0.471
1031 1.49 1.49 1.48 0.587
1032 H I ' 2.53 2.58 0.772
1033
3.88
3.87 3.89 3.85 0.950
1034
5.95
0.472
0.474
6.01
0.477
5.94
0.472 1.17
1035
10.2
"07505
0.820
10.2
"07502
0.812
10.1
0.805 1.54
103.6
14.6
1.16
14.6
1.16
14.6
1.16 1.85
1037
25.8
"15.05
25.8
2.05
25.8
2.05 2.45
1038
24,8
1.96
1.97
24.7
1.96
24.8
1.97 2.41
6-in . Pipe
O rifice 5.01 in . diam. D/d - 1.22
1039 0.010 0.010 0.009 0.0854
1040
0.016
0.014
0.015 
0.013
0.015
0.015 0.110
1041 0.024 0.023 0.023 0.150
1042 0.042 0.045 0.043 0.202
1043
0.060
0.061 0.061 0.060 0.237
1044
0.090
0.082 0.087 0.088 0.280
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TABLE 22 fCont’ d.) - E ffect of Position of Piezometer TiiBes.
6-in. Pipe.
O rifice 5.01 in. diam. D/d = 1.22
OBs.
Ho.
Gage Readings Gu. B’t .
All Open Top Open Bottom Open Sec.
0.155
1045 0.132 0.127 0.128 0.347
0.200
1046 0.196 0.202 0.200 o H
0.375
1047 0.378 0.382 0.374 0.574
0.565 0.560
1048 0.558 0.565 0.540 0.693
0.810 0.830 0.800
1049 0.845 0.845 0.810 0.852
1.08 1.11 1.07
1050 1.09 i . i i 1.06 0.979
1.41 1.44 1.39
1051 1.61 1.46 1.38 1.16
2.50 2.54 2.48
1052 2.51 2.56 2.49 1.47
3.63 3.68 3.61
1053 3.67 3.72 3.61 1.77
5.86 5.92 5.68
0.455
1054 0.475 0.470 0.450 2.27
9.95 10.3 9.95
0.80
1055 0.78 0.82 0.79 2.97
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pressure due solely  to the position of the piezometer tubes, i t  
would be expected to appear more marked with the large o r ifice s  than 
with the small ones. Suffice to say that with the smaller o r if ice s , 
on which observations were made, but which observations are not 
shown in the table, there was practica lly  no variation between the 
corresponding readings.
Humber of Piezometer Tubes.-Fig. 27 indicates the relative 
precision of gage readings with only one piezometer tube inserted at 
each section and with two opposite tubes inserted at each section. 
Observations 276-302 (Table 8 ), plotted as small c ir c le s , were taken 
with the gage connected to piezometer tubes on the under side of the
pipe. Observations 313-323, plotted as crosses, were taken with
■
piezometer tubes at top and bottom of sections, and are the same 
observations that were used in determining the discharge curves o f 
Fig. 11. For both sets of observations the gage was throttled with 
care, but for the former observations l i t t l e  attention was paid to 
centering the o r if ice , and the distances to Sections 1 and 2 from 
the o r ifice  were not quite the same as for the latter tests (see 
Table 2, page 5). The figure makes i t  plain that the probable error 
of reading the gage is considerably smaller with the two opposite 
piezometer tubes at each section. While this is  true for the 
larger o r if ice s , it  could be shewn that, as D/d becomes 2 or great­
er, there is  oractica lly  no difference.
The o ffset between the two curves is doubtless caused 
partia lly  by the variation in the position  of sections but is prob­
ably more largely due to the eccentricity o f  o r ifice  for the ob­
servations with the gage connected only to the lower tubes, which

186.
serves to emphasize,what the o f f  center tests have already shown - 
that with the large o r ifice s  and the single piezometer tube at each 
section the error in gage reading is lik e ly  to be of considerable 
magnitude, unless the o r ifice  is  centered with more care than is  
ordinarily practicable.
. Snmm&ry.-  In determining the apparent lost head it  is 
important that the gage should be throttled, particularly when 
D/d is  less than 2, fo r  even with what would ordinarily be termed a 
uniform rate of discharge,the surging of the water in the pipe in 
the v icin ity  of the o r ifice  w ill cause the gage columns to flu ctu ­
ate rapidly unless the areas through which pressure is transmitted 
to the gage are very small.
When D/d is  2 or more, the distance from the o r ifice  to 
Sections 1 and 2 may be appreciably more than it  was for the tests 
upon which the relation  between apparent lost head and discharge 
have been based without introducing any change in the gage reading. 
For D/d =1.52  the indications are that Section 2 may not be moved 
to a point more distant from the o r ifice  without a decrease in the 
lo st head, but that within the lim its 0.4D to 0.8D above the o r if ice  
(toward supply) there is no change in pressure (there is uniform 
flow ). For D/d = 1.22, changing Section 1 from 0.4D to 0.8D from 
the o r ifice  produces an increase in pressxire of about 1.4 per cent 
and changing Section 2 from 0.4D to 0.8D produces a decrease in 
pressure of perhaps 25 per cent. These large variations show the 
need of very carefully locating the sections at the same distance 
from the o r ifice  as was used in the main part of the present experi­
ments, i f  the relations shown in Chapter IV are to be used.
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Section 1 is not a section of uniform flow when D/d =
1.22, consequently the coe ffic ien t of contraction determined in 
Chapter IV for D/d - 1.22 is  not correct. Assuming that at 0.8D 
from the o r ifice  there is uniform flow the coe ffic ien t agrees very 
closely  with Weishach's value.
Experiments on 4-in . pipe indicate that for the smaller 
o r ifice s  (D/d equals 2 or more) the o r ifice  may he as much as D/16 
o f f  center without producing an appreciable change in pressure alor^ 
the periphy of either section; but that as D/d becomes less than 
2 there may be a considerable change. For D/d' - 1.52 this varia­
tion may amount to 4 per cent, and for D/d it  is  perhaps 18 per 
cent. The pressure is greatest at the point in the section farth­
est from the o r if ice . I f  there are two opposite piezometer tubes 
at each section (siamesed to the gage) the e ffect of the eccen­
tr ic ity  of o r ifice  w ill have no e ffect upon the gage reading.
For the larger o r ifice s  the probable error of observing 
the gage is considerably less when there are two opposite p iez­
ometer tubes at each section than when there is only one. As D/d 
becomes greater than 2 there is  no material difference.
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V I I .  conclusion.
General Comments.-  Ho attempt w ill here he made to re ­
view the discussions of the previous chapters, but in re flectin g  
upon the experiments as a whole a few general statements seem to
he warranted:
The tests show that the laws governing the flow of water 
through o r ifices  in a pipe line practica lly  agree with what may 
theoretically  he expected. The loss in head due to sudden con­
traction is hut l i t t l e  different from what i t  would he were the
o r ifice  discharging in the open air. The loss in head due to sud-
den enlargement is  equivalent to the Adfcf----.-----  /
ity>. head at the contracted section and the velocity  head at the
fcAvx. * J :  o -  ------------
seotlna of uniform -fl-ow.
c-
There seems to he every indication that pressure is 
transmitted from the je t , through the surrounding cushion of water 
to the piezometer tube helow (toward discharge fromj the o r if ic e , ( 
in the same manner that i t  would he transmitted i f  the piezometer 
tube projected through the wall of the -pipe to the periphery of the 
je t . The fact that the coe ffic ien ts  of contraction, which have 
been theoretically  determined on the assumption that pressure was 
thus transmitted, make the values computed by the theoretical 
equation for actual lo st head agree so closely  with observed 
values is strongly proof of the valid ity  of the assumption.
There seems to he no reason why the method used in these 
experiments for determining what has been termed the apparent lost 
head should not he a method that could he used to good advantage
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in practice, provided proper precautions are taken to insure re ­
liab le  gage readings. For a ratio of diameter of pipe to diameter 
of o r ifice  of 3/2 or greater the accidental errors of reading the 
gage should be small, and the expression showing the relation  be­
tween apparent lost head and discharge may be expected to give, 
within the range of the tests, ve locities  correct within 1 per cent. 
It is  probable that the relations s t i l l  hold approximately true 
over a much greater range of v e lo c itie s . The indications are that, 
as the ratio of diameter of pipe to that of o r ifice  becomes less 
than 3 /2 , constant errors due to slight changes in conditions are 
lik e ly  to be greater than would ordinarily be allowable in flow 
measurements.
For a ratio of diameter of pipe to that of o r ifice  of 2 
or less in a pipe line of any considerable length the actual lost 
head dxie to the o r if ice  w ill usually be a negligible quantity com­
pared with the other losses-(p ipe fr ic t io n , e t c .) .  Conditions 
might be such that the lost head due to the o r ifice  would be a con­
siderable portion of the total loss and such that the velocity  of 
flow without the o r if ice  in place would be the desired quantity.
The relation between actual and apparent lost head should in such 
a case furnish a means of approximately determining the change in 
velocity  that would take place when the o r ifice  was removed.
For a given size of pipe the larger the o r if ice  the more 
care must be exerted in placing the piezometer tubes, centering 
the o r if ic e , and throttling the gage, particularly as the ratio 
of diameter of pipe to that of o r if ice  (D/d) becomes less than 2. 
When D/d is  2 or greater the distances to the sections at which
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piezometer tubes are inserted may be altered a small amount without 
affecting the gage readings. I f  piezometer tubes are inserted on 
opposite sides of the pipe at each section and the upper and lower 
tubes are siamesed before being connected to rne gage,there w ill be 
l i t t l e  or no e ffect from the o r ifice  being considerably o ff  center.
Best Apparatus. - As a means of determining flow by meas­
uring the apparent lost head & simple form of apparatus that may be 
easily installed and seems to include a ll possible features for 
eliminating systematic errors and reducing accidental errors to a 
minimum is  illustrated by Figs. £5 and 28.
Fig. 25 shows the portion of the pipe line which includes 
the abutting flanges between which the o r ifice  plate is inserted.
The distances to Sections 1 and 2 are for 4-in . pipe. The piezometer 
tubes A,  B, 3, and D, which are l/.4 -in . pipe, are placed so that 
each section they are 180° apart, and the two tubes at each section 
are brought together before connection is male with the gage.
Through the use of the valves pressure may be released from the i 
gage and its  connections, or by the proper manipulation of the 
valves and petcocAS the tubes may be flushed one at a time. Essen-' 
t ia lly  the same apparatus is  illustrated by the photograph in Fig.
6, page 18.
Fig. 28 shows the details of a form of water gage, not 
unlike the regular d ifferen tia l gages (Fig. 3, page 13), which may 
be readily constructed i f  a regular d ifferen tia l gage is not avail­
able. I f  inverted the figure would, of course, illustrate  a similar 
form of mercury gage. By means of the petcocks A and B the con­
nections between the gage and the pipe may be flushed, the gage may
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Fig. 28. - Gage Details.
be throttled by the stop-coeks G and D, and by closing the stop­
cocks and opening the petcocks the length of the air column in the 
gage may be regulated. When accurate measurement is  desirable, as 
w ill be the case when the difference in head is small, the
192
graduations of the measuring scale should project under the gage 
columns so that the heights may he read by looking over the tops 
of the water or mercury columns. This form of scale is  shown on 
the white cards attached to the gages in Fig. 3, For large d if fe r ­
ences in head a movable scale can be used to better advantage. 
Either the scale should be of a width just su fficien t to f i t  betwee: 
the columns of the gage, or at the zero point there should be a 
piece projecting at right angles with the scale. With two observ­
ers, one of them may then keep this piece (or zero point) adjusted 
to the height of water in one column while the other observer reads 
d irectly  from the scale lying along the other column, the d if fe r ­
ence in head.
Details of Observing. - Preliminary to taking observa­
tions, with water flowing in the pipe, a ll petcocks and valves 
should be opened and water allowed to run through the piezometer 
tubes and gage connections. ( I f  the velocity  of water in the pipe 
is  too great, under certain conditions there w ill be a negative 
pressure at the tubes C and D (Fig. 25), and the open petcock w ill, 
instead of discharging Yvaxer or a ir , take in a ir .)  When it  seems 
probable that a ll air has been removed from the pipe in the v ic in ­
ity  of the o r ifice  and from the gage connections, the petcocks at 
the piezometer tubes and the stop-cocks at the gage should be 
closed and the required amount of air ( i f  the water gage is used) 
introduced into the gage columns through the gage petcocks. I f  
the flow in the pipe is  now stopped and i f  no air is  present in 
the gage connections, the gage columns should read the same. I f  
the difference in head is lik e ly  to be sm all,it is  important that 
the columns should read exactly the same; for i f  they do not it
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indicates either a leak in the connections or the presence of a ir , 
and i f  i t  is  air there is no certainty that the e ffect w ill remain 
constant as conditions of flow are changed. I f  trouble s t i l l  ex­
ists  i t  is a good plan to close the stop-cocks at the gage and, 
by opening the petcocks at the tubes and by closing and opening the 
proper tube valves, to flush f ir s t  the lower tubes and then the 
upper ones. As justifying this lengthy discussion of a seemingly 
tr iv ia l matter i t  may be said that in the experiments here described 
more trouble was caused from the persistance with which air seem­
ingly sticks where log ica lly  i t  ought not to remain than from any 
other source.
Before attempting to read the gage for a given flow the 
v'alves controlling the piezometer tubes should be fu lly  opened and 
the gage should be throttled by means of the stop-cocks at the 
gage. With the water gage best results seem to be obtained when 
the two columns fluctuate about the same amount and when this 
fluctuation is  not so great as to make reading d if f ic u lt ; nor yet 
should i t  be so small as to be barely p£\ejceptible, for systematic 
changes in the rate of flow w ill not immediately a ffect the gage 
reading. In fa ct, i f  the gage is  throttled too much, the e ffect of 
a change in velocity  may not become fu lly  apparent in the gage 
reading for several minutes.
With the mercury gage, since one column of mercury must 
of necessity move as much as the other but in the opposite d irec­
tion , the equal throttling of each gage column is more a matter of 
estimation. As good a method as any seems to be to leave one stop­
cock wide open and to close the other until the gage appears to be
not throttled quite enough; the f ir s t  stop-cock may then he grad­
ually closed until i t  sligh tly  reduces the amount of fluctuation.
Or i f  the pressure is  not su fficient to drive the mercury out of 
the gage, the two valves controlling the piezometer tubes at one 
section may be closed, the corresponding gage petcock opened, and 
the opposite stop-cock adjusted until one column is  throttled the 
desired amount; then by applying the same process to the valves at 
the other section, to their corresponding gage petcock, and to the 
opposite stop-cock the other gage column may be throttled a similar 
amount. The latter method was the one principally used in the 
experiments.
